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.13 Intercom Swi tch ing Subsystem 
.14 Wide Band Data L ink  Subsystem 
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.3 Visual  Forward 
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4.3.10.1 Payload Attachment Subsystem 
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4.4 System Software Conceptual Design 
4.4.1 S imu la to r  Cont ro l  Software 
4.4.1.1 Data Recording 
.2 Real-Time Input /Outpu t  
.3 Synchronous S imu la t i on  Program Processor 
.4 Master T iming 
.5 Master Cont ro l  
.6 Advanced T r a i n i n g  
.7 CRT Pages 
.8 CRT I n t e r a c t i v e  Processor 
.9 Simula t ion  Software S t r u c t u r e  
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4.4.2 Data Management System 
4.4.2.1 S imu la to r  Source 
.2 S imu la to r  Data Pool 
.3 S imu la to r  Data Package 
. 4  Support Source 
.5 F l i g h t  Software 
.6 Supply Inventory  
. 7  User Software 
.8 Discrepancy Reports 
.9 Mod i f i ca t i ons  
.10 Software Change Requests 
.ll Simula to r  Hardware Documentation 
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6.1 Overview 
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6.2.1 Crew S t a t i o n  
6.2.2 Motion 
6.2.3 I n s t r u c t o r  Operator S t a t i o n  
6.2.4 A n c i l l a r y  Equipment 
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6.2.6 Digital Conversion Equipment 
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4.0 SOFTUARF EPSFLINE DFFIFlITION 
4.1 F a i l u r e  I n s e r t i o n  Concepts 
4.1.1 Sys tem Desion Techniques 
I n  many cases o f  s imu la t i on ,  the  pathemat ica l  model ma l func t ions  
are added as an a f t e r t h o u g h t  i n  t h e  design process. Vhere the  system has 
redundant components o r  oaths, r e p e t i t i v ~  oroqram loops a r e  used t o  reduce 
the  core reouirement o f  t h e  executable prosram. Implementation o f  ma l func t ions  
i n t o  these component models recu i res  t h a t  a comparative study he made t o  
determine the  method f o r  the  l e a s t  computer core and executable t ime 
requirement.  I n  a l l  cases i t  w i l l  be found t h a t  a compromise must he made 
between t ime and core. I n  the  f o l l o w i n g  f o u r  example cases, t h e  var ious  
methods o f  implementat ion w i t h i n  a Do-Loop o f  10 are shown w i t h  a t ime and 
core impact. I n  these examples a computer t ime o f  1.5 ~ s e c  per  i n s t r u c t i o n  
i s  assumed. Cases V and V I  show the t r a d e - o f f  as was made i n  Skylah EPS 
s imula t ion .  
For  purposes o f  c l a r i f i c a t i o n ,  the  term mu1 t i p l e  ma l func t i on  means 
t h a t  one data base word i s  used t o  d i r e c t  a change i n  computat ional processing 
such t h a t  more than one segment o r  component may be addressed by changing 
o f  the  code l e t t e r  o r  number s to red  i n  the  data base l o c a t i o n .  Cases V and 
V I  show an example o f  use o f  " m u l t i p l e  mal func t ions"  t o  save 
t ime and core. Appendix A l i s t s  f la l func t ions  a p p l i c a b l e  t o  t h e  SYS. 
CASE I: 10 D i s c r e t e  Mal func t ions  Used I n s i d e  DO Loops 
3 Executable 
PAGE NO. 4.1-1 
REP. NO. 
DATE 6/23/73 
REV. 
E X I T  DO Loop ?i 
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Core Summary: Storaqe Executable - Tota l  
10 5 15 
Time Sumary: Best: 3 X 10 X 1.5 = 4 5 p S  
Worst: 5 X 10 X 1.5 = 7 5 p S  
Nominal: 3 X 10 X 1.5 = 4 5 p S  I 
Advantaaes : 1) A l l  10 mal funct ions can he entered simultaneously. 
2 )  Low execut ion t ime. 
3) Easy t o  e n t e r  and remove v i a  CRT. 
Disadvantages: 1 ) High core requirement.  1 ! 
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CASE 11: One D isc re te  Mal func t ion ,  one ma l func t i on  index used t o  i n d i c a t e  which 
one of t h e  10 elements should he mal funct ioned.  A l l  i n s i d e  DO Loop. 
DO I = 1, i n  
L 
Execu 
3 Executable 1 
0 
4 Executable* 
Core Summary: Storage Executable Total Bytes 
2 9 11 44 
No 
Time Summary: Best: 3 X I n  X 1.5 = 4 5 p S  
Worst: 9 X 10 X 1.5 =I35 A S  
I n  I = Index: 9 X 10 X 1.5 =I35 AS 
I n  I f Index: 7 X 10 X 1.5 = I05  yS 
Advantages: 1)  Lower Core Pequirement. . I I 
2) Low t ime when ma l func t i on  n o t  i n .  
I I 
Disadvantages: 1) High t ime when ma l func t i on  i n .  
2) Hard t o  e n t e r  and c l e a r .  
3) Only one ma l func t i on  may be used a t  one t ime.  
3 1 
- 
EXIT DO LOOP 
V 
A(1) = 0 
t 2  
ATE 6/23/73 THE SINGER COMPANY PAGE NO. 4.1-3 
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CASE 111: One mal func t ion  i n t e g e r  l o c a t i o n  t o  i n d i c a t e  ma l func t i on  entered 
and s p e c i f i c  element a f fec ted .  A l l  i n s i d e  DO Loop. 
Core Sumnary: Storage Executable Total Pytes 
1 7 8 32 
5 Executable Yes 
Time Summary: Best 5 X l O X 1 . 5 =  7 5 h S  
hlorst: 7 X 10 X 1.5 = 105 FS 
Nominal: 5 X 10 X 1.5 = 75 ,kS 
No 
Advantages : 1 ) Low Core Fequirement. 
2 )  Easy t o  e n t e r  mal func t ion  
2 Executable 
A ( I )  = 0 /
Disadvantages: 1 )  High t ime requirement f o r  a l l  paths. 
2) Only one ma l func t i on  entered a t  one t ime. 
I 
EXIT DO LOOP 
a 
1 
PAGE NO. 6.1-4 
REP. NO. 
r 
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REV. 
CASE I V :  One ma l func t i on  i n t e g e r  l o c a t i o n  t o  i n d i c a t e  ma l func t i on  entered and 
s p e c i f i c  element a f fec ted .  Ma l func t i on  proqramned outs ide  the  DO 
Loop. 
DO I = 1, 10 7 EXIT DO LOOP 
5 Executable Yes 
4 Executable 
No A(M1EIDX) = 0 
THE SINGER COMPANY 
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I I 
CONTINUE J i 
Core Summary: Storage Executable T o t a l  - Bytes 
1 9 10 40 ! 
Time Summary: Best:  5 X  1 X 1.5 = 7.5  F S  
Worst: 9 X 1 X 1.5 =13.5 ,LLS 
Nominal: 5 X 1 X 1.5 = 7 . 5 p S  
Advantaaes : 1) Low Core Reouirement 
2) Low Time Renuirerne~t  
I 
I 
3)  Easy t o  en te r  and remove I 
Disadvantages: 1 )  Only one element may be mal func t ioned a t  a t ime. 
2)  Requires t h a t  Do Loop has ended o r  t h a t  a d d i t i o n a l  
t ime and core i s  r e q u i r e d  t o  do t h i s ,  
i - 
CASE V :  EPS Power Bus Loading Bus Overload Mal func t ions .  Forty-one D i s c r e t e  
Var iab le  Mal funct ions.  
ENTER 
I 
DATE 6/23/73 
REV. 
I NOIPPL BLlS I 
LOADING CALC. 
3 Executable Overhead I 
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DO I = 1, 41 
1 Executable Overhead 
PAGE NO. 4.1-5 
REP. NO. 
I 3 Executable 
,-==- < 
LOAD(1) = LOAD(1) + EMPBL(1) 
t 
EXIT DO LOOP  
Core Summary: Storaqe Executable Total Bytes 
82 10 9 2 368 
Time Sumary: Best: [3 + (4)(41) ]  X 1.5 = 2 5 0 . 5 y S  
Worst: [3 + (7 ) (41) ]  X 1.5 = 4 3 5 . 0 , ~  S 
Nominal: [3 + (r1)(41)] X 1.5 = 2 5 0 . 5 ~ s  
Advantages: 1 )  A l l  41 can be entered a t  one t ime.  
2 )  Easy t o  e n t e r  and remove. 
Disadvantages: 1 )  High Core Requirement 
2) High Time Reauirement 
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CASE V I :  EPS Power Bus Loading Bus Overload P a l f u n c t i o n s .  F i v e  M u l t i p l e  
Va r iab le  Ma1 func t i ons .  
ENTER Cf' 
Yes 
I c FxecutaP'e 
LOAD(E'PBL1) = LOAD(FIPBL1) + EI'PBL1 
L J 
5 Executable --- 
5 Executable 1 - 
LOAD(PPBL3) = LOAD(PPBL3) + EMPBL3 
5 Executable 
Yes 1 F Execut:,le 
I 
I I I 5 Executable 1 
Yes 
I L r5 
LOAD(MPBL5) = LOAD(CPBL5) + EMPBL5 
I I 
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Core Summary: Storage Executable - Tota l  & 
10 50 60 2n0 
Time Summary: Best : 25 X 1 X 1.5 = 3 7 . 5 , ~ s  
Worst: 50 X 1 X 1.5 = 7.5 p S  
Nominal: 25 X 1 X 1.5 = 3 7 . 5 ~ ~ s  I I 
! 
Advantages: 1 )  Lower Core (128 Bytes saved) i 
2) Lower Time (360 & S  wors t  case, 213 ,k S bes t  case) 1 i 
I 
Disadvantages: 1 )  Only 5 huses can be mal funct ioned a t  one t ime I I (however, t h i s  meets the  i n s t r u c t o r ' s  requirements).  j 
I 
I 
I 
I 
i 
! 
i 
i 
I 
j 
! 
I 
I 
I 
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4.1.2 Techniques o f  Manual I n s e r t i o n  
Mal funct ions may he manual ly entered i n t o  the  s i m u l a t i o n  problem 
i n  one o f  tv~o ways. The f i r s t  method requ i res  t h a t  the  ma l func t i on  paqe be 
selected,  an a v a i l a b l e  l i n e  on t h e  page he selected,  the  ma l func t i on  symbol 
entered a long w i t h  the va lue  t o  be i n s e r t e d  i n t o  the  ma l func t i on  term. 
Mal funct ions may a l s o  be entered i n t o  the s i m u l a t i o n  oroblem by us ing  t h e  
CRT keyboard. By us ing  procedures s i m i l a r  t o  "Look and Enter "  (i .e., 
depression o f  f u n c t i o n  key, e n t r y  o f  symbolic name, e n t r y  o f  va lue) ,  mal- 
func t ions  may be entered w i t h o u t  s e l e c t i n g  t h e  ma l func t i on  pace. 
4.1.3 Mal func t ion  D isp lay  Methods 
Ac t i ve  mal func t ions  i n  the s imu la to r  may be viewed a t  any t ime 
by one o f  two methods. The f i r s t  i s  by s e l e c t i n g  the  ma l func t i on  Dage. 
The second method invo lves  s e l e c t i n g  the ' a c t i v e  ma l func t i on  and t r i p p e d  
c i r c u i t  breaker '  oage. Both pages w i l l  p resent  a l i s t  o f  a l l  c u r r e n t  a c t i v e  
DATE 6/23/73 
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mal funct ions,  and t h e i r  c u r r e n t  va lue.  
4 .I . 4  Pre-Programmed Fla l funct ions 
The i n s e r t i o n  and c o n t r o l  o f  s imu la ted  mal func t ions  o f  e o u i ~ m e n t  
o r  o f  v a r i a b l e  v e h i c l e  f l i g h t  cond i t i ons  has requ i red  the  NASA i ~ s t r u c t o r  
t o  concentrate h i s  a t t e n t i o n  on per forming tasks which cou ld  be re lega ted  
t o  the  computer. Having the computer pre-programed t o  i n s e r t  and/or change 
ope ra t i ng  cond i t ions  w i l l  f r e e  the  i n s t r u c t o r  t o  conceptrate h i s  e f f o r t s  on 
those tasks the  computer cannot handle such as t r a i n e e  response and per-  
formance. The i n s e r t i o n  o f  ma l func t ions  through the  use o f  a dedicated 
CRT page en t r y ,  s i m i l a r  t o  the  e x i s t i n g  Skylab s i m u l a t i o n  ma l func t i on  
technique, may be accomplished a t  any t ime i n  r e a l  t ime mode. The automated 
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/ technique may be used to  i n s e r t ,  d isplay,  o r  de le te  any malfunction or  data I 
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base parameter by the  use of pre-orogrammed software modules. The modules 
may be act ivated o r  deactivated by the ins t ruc tor  i n  real time. Display 
devices (CRT d i g i t a l ,  graphics, X-T recorders,  X-Y recorders)  and audio 
cues may be activated by the use of the pre-oroarammed modules. 
Use of t h i s  technique will  allow the ins t ruc tor  t o  preplan his  
malfunction study program and t o  present ident ical  t ra in ina  s i tua t ions  t o  
a l l  s tudents.  The techniaue a lso f rees  the  ins t ruc tor  from baving t o  do 
repe t i t ious  keyboard entry  which, through human e r ro r ,  could lead t o  
destruction of the t ra ining plan and computer schedule. 
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4.2 F l i g h t  Software 
4.2.1 Simulat ion Pequi rements 
4.2.2 Data Processina and Software Subsystem 
The s imu la t i on  of the  Data Processing and Software subsystem o f  the  S h u t t l e  
Vehic le i s  requ i red  t o  the  l e v e l  t h a t  a l l  crew d i s p l a y  data and te lemetered data 
responses are extremely r e a l i s t i c  f o r  bo th  d i sp layed  value and t ime response t o  
i n t e r f a c e  s igna ls ,  commands and sw i t ch ing  l o g i c ,  and s i m u l a t o r  moding. Both the  
s h o r t  p e r i o d  and long p e r i o d  accuracy o f  t h e  s i m u l a t i o n  must be very h i q h  t o  main- 
t a i n  as t ronaut  conf idence i n  the  s imu la ted  system and avo id  negat ive  t r a i n i n a  i n  
the use o f  the system. Th is  w i l l  be p a r t i c u l a r l y  truf! du r i nq  M.C.C. i n t e g r a t e d  
miss ion t r a i n i n g  where outputs o f  the ground computer system are cornoared w i t h  the  
c a l c u l a t i o n s  made i n  t h e  s imu la tor .  Hence t h e  requirement f o r  use o f  ac tua l  FEC 
f l i g h t  programs, and an accuracy no l ess  than t h a t  o f  the ac tua l  on-board computers. 
I n  t h i s  case, a  3 2 - b i t  computer shou ld  be u t i l i z e d  f o r  the  s imu la t i on .  
As a minimum, the  ac tua l  crew s t a t i o n  d i s p l a y  and c o n t r o l  equipment shou ld  
be used i n  the  s i m u l a t o r  t o  ensure h i g h  f i d e l i t y  d i sp lay  and c o n t r o l .  Th i s  should 
i nc lude  t h e  dual redundant tape readers, i f  crew procedures d i c t a t e  t h e  requirement 
f o r  l oad ing  and opera t ing  these devices. - s 
The s imula ted  Data Processing and Software subsystem must a l s o  i n t e r a c t  w i t h  
the s imu la to r  mode func t i ons  w i t h o u t  degradat ion. 
The rese t  f u n c t i o n  i n  the  s i m u l a t o r  i s  p rov ided t o  enable r a p i d  r e t u r n  and 
r e s t a r t  a t  miss ion t ime p o i n t s  where ex tens ive  t r a i n i n g  i s  requ i red  w h i l e  s k i p ~ i n g  
over  t ime per iods o f  low a c t i v i t y .  
The astronaut  should be able t o  s e l e c t  t h e  a c t i v e  and standby or imary 
computers, and swi tch  t o  the  Backup GN&C computer and r e a l i z e  the same e f f e c t s  as 
i n  an ac tua l  f l i g h t .  The requirement t o  s imu la te  redundancy e f f e c t s  occurs i n  
con junc t ion  w i t h  the  requirement f o r  s imu la ted  mal func t ions  t o  t r a i n  i n  a l l  backun 
. , . . ~... . . 
- 
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modes o f  operat ion.  Simulated ma1 func t ions  should be chosen based on f a i l u r e  
ana lys is  o f  r e a l  w o r l d  equipsent coupled w i t h  the  des i re  t o  t r a i n  t h e  astronauts 
i n  a l l  backup modes and h i g h l y  c r i t i c a l  procedures t o  ensure t h e i r  s a f e t y  i n  a l l  
r e a l  f l i g h t .  
Use o f  ac tua l  OBC f l i q h t  software i s  necessary f o r  reasons o f  s imu la t i on  
f i d e l i t y  and t o  avo id  delays i n h e r e n t  i n  the  f u n c t i o n a l  s imu la t i on  so f tware  develop- 
ment and t e s t / v e r i f i c a t i o n  processes. I t  i s  a n t i c i o a t e d  t h a t  sof tware chances t o  
the pr imary GFI&C OBC proaraais w i l l  occur w i t h  very s h o r t  no t i ce .  Therefore, the  
s imu la to r  sof tware should be capable o f  be ing  r a p i d l y  updated and r e v e r i f i e d ,  and 
any equipment o r  so f tware  requ i red  t o  exoed i te  t h i s  opera t ion  should be orovided. 
4.2.3 Main Enqine C o n t r o l l e r  
The s i m u l a t i o n  o f  the  Fa in  Enqine conouter proqrams should he o f  equ iva len t  
accuracy, r e s o l u t i o n ,  and i t e r a t i o n  r a t e  as i n  t h e  r e a l  world. Data ra tes  and 
formats t o  recorders and t o  the  Telemetry system must be s imu la ted  w i t h  h i g h  
f i d e l i t y .  - 
The main engine cornouter s i m u l a t i o n  must i n t e r a c t  w i t h  the  s i m u l a t o r  mode 
func t ions  w i t h o u t  degradat ion. 
Simulat ion o f  the redundancy fea tu res  i s  a l s o  des i red  t o  enable t r a i n i n g  
i n  backup modes and ~ r o c e d u r e s  by i n s e r t i n a  mal func t ions  o f  one o r  more elements 
o f  the  engine c o n t r o l l e r s .  
Se lec ted  elements o f  each engine c o n t r o l l e r  w i l l  be mal func t ioned t o  
p rov ide  crew and MCC t r a i n i n g  i n  backun modes and procedures. 
) 
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4.3 Applications Software Conceptual Design 
4.3.1 Power Systems 
4.3.1.1 Electr ical  Power Subsystem 
The Electrical  Power Subsystem may be generally divided in to  s i x  problem 
areas requiring math models. These are  power in te r face ,  switching logic,  bus 
loading, power generation and storage, power d i s t r ibu t ion ,  and control and 
display.  For the shu t t l e  vehicle there  are  three types of e l ec t r i ca l  power 
having d i s t i n c t  requirements for  simulation. These a r e  the DC subsystem, the 
single phase AC subsystem, and t h e  three phase AC subsystem. Each of these 
subsystems interface with the others through e l ec t r i ca l  loads o r  by providing 
power sources. The concept presented here describes t he  subsystems separately 
with interfacing parameters between subsystems. 
Figure 4.3.1.1.1 shows the proposed groups of equations required f o r  the 
DC subsystem network. The DC subsystem has fuel c e l l s ,  ba t te r ies ,  and transformer- 
r e c t i f i e r s  supplying power t o  three main DC buses, two bat tery buses, two 
essent ia l  control buses, and two sequencer buses. Because of malfunction 
consideration, the t i e  bus must a lso be considered as  a load bus.  
The transformer-rectif ier  equations provide the output voltage from each 
uni t  as  a function of the e lec t r ica l  load current.  A power available boolean 
will be made avai lable  by the s ingle  phase AC subsystem for  each transformer- 
r e c t i f i e r  and, in turn, each transformer-rectif ier  will calculate  e lec t r ica l  
loads f o r  the single phase AC subsystem. Load sharing will be accomplished by 
varying the T-R output voltage as a function of the e l ec t r i ca l  load. Curve f i t s  
t o  t e s t  data will be used f o r  t h i s  function. Heat by the T-R uni t  
will be calculated for  the ECS Subsystem and ECS wil l  calculate  the u n i t  temperature. 
(1 )  T-R O u t p u t  voltage 
ETR = f ( I T R )  current and temperature limited function. 
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4.3.7.1.1 DC POWER SUBSYSTEM 
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(2)  T-R Heat generated 
QTR = f(ETR,ITR,Eff) 
The power load ing  equat ions p rov ide  s u m a t i o n s  o f  a l l  e l e c t r i c a l  loads 
on the  DC buses. I n d i v i d u a l  loads below 3 wat ts  a r e  handled as a gross l o a d  
under c o n t r o l  o f  the  i n s t r u c t o r .  So t h a t  v a r i a t i o n s  i n  loads under d i f f e r e n t  
vo l tages  can be accounted f o r ,  a s t r a i g h t  l i n e  curve f i t  i s  computed t o  c a l c u l a t e  
t h e  load as a f u n c t i o n  o f  t h e  bus vol tage.  
(3)  E l e c t r i c a l  Load sumnation 
PLMBl = Loads Kvol tage curve 
where ETR = Voltage o f  Transformer R e c t i f i e r  u n i t  
ITR = Current  o u t  o f  Transformer R e c t i f i e r  u n i t  
QTR = Heat generated i n  Transformer R e c t i f i e r  u n i t  
E f f  = E f f i c i e n c y  o f  u n i t  
'LMBI = Load i n  main bus 1 
K = C o e f f i c i e n t  o f  s lope o f  voltage/power curve 
The power genera t ion  equat ions c a l c u l a t e  the  vo l tages  o f  t h e  storage 
b a t t e r i e s  and t h e  f u e l  c e l l s  and the  heat  and water by-products. 
e (4)  B a t t e r y  Voltage 
- 
BSOC - f (BS0C~BTE14p9 Eff I s )  
EB = f (BSOC~BTEEIP*IB) 
(5)  B a t t e r y  Heat generated 
QB = f( IB,Eff)  
(6) Charger Heat generated 
Qc = f( IC,Eff)  
where: BSOC = B a t t e r y  s t a t e  o f  charge 
B~~~~ = B a t t e r y  temperature 
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Eff = Efficiency of battery current conversion 
Is = Current out of bat tery  
EB = Battery terminal voltage 
Q = Battery he i t  generated by current  flow B 
QC = Charger heat generated by current  flow 
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The generation of power by the fuel c e l l s  requires t h a t  the i n l e t  conditions 
of reactants be t i gh t ly  controlled.  Simulation of the  oxygen and hydrogen supply 
a lso requires modeling the gaseous nitrogen pressurant supply. In Figure 4.3.1.1.2 
a general flowchart of the software interfaces  i s  shown. The valve and control 
logic  equations model the real  world system response to crew s t a t i on  switch and 
c i r c u i t  breaker position with e l ec t r i ca l  power avai lable .  Display parameters are 
generated f o r  valve repeater f l ag  s t a t e s .  
Valve position i s  used by the  Nitroaen System equations t o  calculate  the 
pressure exerted on the  cryogenic l iquids .  The heat absorbed by the two cold 
f lu ids  will be used to  calculate  the  volume of l iquid and volume of gas i n  the  
cryogenic tanks. A heat balance model will  be developed f o r  the  exchange of heat/ 
temperature with the  ECS subsystem. Gaseous oxygen usage will  be simulated fo r  the  
atmospheric model simulation of ECS. Refer t o  Section 4 . 3 . 7 . 3  fo r  the method of 
simulation of conductive and radiat ive  heating. 
The usage of oxygen and hydrogen will  be computed by empirical formula: 
O2 = K1 x I lbs/hr.  
H2 = K2 x I 1 bs/hrs. 
where O2 = oxygen mass flow r a t e  u + 
H z  = hydrogen mass flow r a t e  
K = empirical constants K l '  2 
I = e l ec t r i ca l  current 
The e l ec t r i ca l  potential  will  be reduced by a lower nitrogen pressure 
d i f f e r en t i a l  than nominal f o r  the  c e l l .  In addit ion the  e l ec t r i ca l  potential  will  
be increased with increasing operating temperature. Both of the  functions will  be 
curve f i t t e d  approximations t o  performance data .  
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The power d i s t r i b u t i o n  equat ions w i l l  c a l c u l a t e  the  vo l tage  o f  each 
major bus and t h e  cu r ren ts  t o  o r  from t h e  bus. The mathematical approach i s  t h e  
nodal ana lys i s  method which was used on t h e  Skylab Simulator .  Th i s  method 
g ives  an e x p l i c i t  s o l u t i o n  t o  the  bus v o l t a g e  c a l c u l a t i o n s .  Using t h e  bus 
vo l tages  i t  i s  then poss ib le  t o  c a l c u l a t e  a l l  i n t e r b u s  cu r ren ts  from t h e  
vo l tage  d i f f e r e n t i a l  and t h e  conductance. 
The general form o f  t h e  nodal equat ion s o l u t i o n  i s  i n  t h e  form: 
where: E = Node vo l tage  
V = d r i v i n g  source vo l tage  
G = Conductance i n  nodal network 
F igure  4.3.1.1.3 shows the  proposed groups o f  equat ions requ i red -  f o r  
t h e  s imu la t i on  o f  t h e  s i n g l e  phase AC subsystem network. 
The power sources f o r  t h i s  network a r e  t h e  A i r  Breath ing Engine generators,  
the  HPU generators, and the  GSE power. For t h e  purposes o f  s imu la t i on ,  t h e  
loads are assumed t o  have an o v e r a l l  power f a c t o r  o f  1.0. I t  is a l s o  assumed 
t h a t  t h e  generators cannot be brought i n t o  sync f o r  load shar ing between u n i t s .  
The A i r  Breath ing  Engine generator  equat ions g i v e  t h e  ou tpu t  f requency 1 
as a  f u n c t i o n  o f  t h e  generator  rpm. The vo l tage  output  o f  t h e  generator  w i l l  
i 
FIGURE 4.3.1.1.3 
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be a f u n c t i o n  o f  bo th  rpm and t h e  power load. Since t h e  frequency i s  n o t  
d isp layed bu t  i s  probably supp l ied  t o  Caution and Warning as an o u t  o f  t o le rance  
cond i t i on ,  o n l y  a boolean expressing t h e  frequency c o n d i t i o n  w i l l  be generated. 
EAB = f (rpm, l oad )  
NAB = f f rpm) 
The generators d r i v e n  by t h e  APU a r e  b a s i c a l l y  t h e  same as t h e  A i r  
Breath ing Engine except t h a t  bo th  frequency and vo l tage  may be c o n t r o l l e d  by 
t h e  generator  c o n t r o l  u n i t  through speed and f i e l d  c o n t r o l .  
E~~~ = f (rpm, l oad )  
'APU = f (rpm) 
The GSE power i n t e r f a c e  w i l l  be by i n s t r u c t o r  c o n t r o l  f o r  s imu la t i ng  
mat ing cab le  connect ions and f o r  power source supply v o l t a g e  and power. 
The swi tch ing  l o g i c  equat ions c a l c u l a t e  the  s t a t e  o f  t h e  power c o n t r o l  
r e l a y s  as a f u n c t i o n  of crew swi tch,  c i r c u i t  breaker p o s i t i o n  and u p l i n k  
commands. The sw i t ch  s t a t e  i s  p rov ided t o  t h e  power d i s t r i b u t i o n  program t o  
e s t a b l i s h  pa th  conductances. 
The bus load ing  equat ions p rov ide  s u m a t i o n s  o f  a l l  e l e c t r i c a l  loads on 
the  s i n g l e  phase AC buses. Small loads  below 3 wa t t s  a r e  t o  be handled as a 
composite load v a r i a b l e  by i n s t r u c t o r  c o n t r o l .  
The power d i s t r i b u t i o n  equat ions w i l l  c a l c u l a t e  t h e  v o l t a g e  o f  each 
major bus and the  t d t a l  l oad  on each source generator.  Under t h e  assumptions 
t h a t  the  power f a c t o r  f o r  t h e  o v e r a l l  loads i s  1.0 and t h e  generator  cannot be 
i n  sync, t h e  s o l u t i o n  reduces t o  t h e  equat ion: 
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where: E  = Bus vo l tage  
V = Source vo l tage  
G = 1  i n e  conductance, source t o  bus 
GI = load conductance 
P = Power consumed 
The Contro l  and D isp lay  equat ions use t h e  booleans generated by t h e  DC 
c o n t r o l  and d i s p l a y  equat ions t o  c o n d i t i o n  parameters f o r  crew d i sp lay ,  
Caution and Warning, and te lemet ry  programs. 
F igu re  4.3.1.1.4 shows t h e  general equat ion groups requ i red  f o r  s imu la t i on  
o f  t h e  th ree  phase AC subsystem. The subsystem s i m u l a t i o n  i s  ve ry  s i m i l a r  t o  
t h e  s i n g l e  phase subsystem w i t h  one s i g n i f i c a n t  d i f f e rence .  Loss o f  a  s i n g l e  
phase w i l l  no t  cause shutdown o f  t h e  equipment i n  t h e  th ree  phase subsystem as 
i t would do i n  t h e  s i n g l e  phase subsystem. Where one phase i s  o u t  i n  the  t h r e e  
phase subsystem, t h e  two support ing buses w i l l  r e f l e c t  increased loading.  
For s i m u l a t i o n  purposes t h e  loads on each l e g  a r e  assumed t o  have an 
o v e r a l l  power f a c t o r  o f  1.0. For t h e  t h r e e  phased subsystem, i t  i s  assumed t h a t  
the  u n i t s  sync imned ia te l y  from t h e  master sync l i n e  o f  t h e  selected u n i t :  
e 
The sources o f  t h r e e  phase power a r e  t h e  f o u r  s t a t i c  i n v e r t e r s ,  each 
capable o f  supply ing t h e  master sync and th ree  phase power. Each i n v e r t e r  may 
be connected t o  a  maximum o f  two bus sets. I t  i s  assumed t h a t  an i n v e r t e r  w i l l  
f a i l  safe on l o s s  o f  t h e  i n p u t  sync s igna l .  A boolean w i l l  be generated f o r  
a frequency ou t -o f - t o le rance  c o n d i t i o n  i f  requ i red  by the  Caution and Warning o r  
Telemetry programs. The output  vo l t age  on each l e g  o f  t h e  i n v e r t e r  i s  a  f u n c t i o n  
o f  t h e  l e g  load. 
E ~ ~ ~ ( ~ , ~ , ~ )  = f ( load)  
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The bus l oad ing  equat ions supply a sumnation o f  t h e  loads on each bus 
l e g .  The sw i t ch ing  l o g i c  equat ions c a l c u l a t e  t h e  sw i t ch  and r e l a y  s t a t e  based 
on switch, c i r c u i t  breaker,  and u p - l i n k  conmand l o g i c .  
The power d i s t r i b u t i o n  equat ions w i l l  c a l c u l a t e  t h e  vo l tage  o f  each major 
bus and t h e  load on each i n v e r t e r  u n i t .  Under t h e  assumptions s ta ted ,  the  
power d i s t r i b u t i o n  equat ions reduce t o :  
- 
- VIG1 +V2G2 
€BUSA G ~ + G ~ + G  (Typ ica l  ) 
'1 BUSA = (V1 -EBUSA)G1 (Typ ica l  ) 
where: EBUSA = Bus vo l tage  (Phase A shown) 
V1 = I n v e r t e r  #1 Vol tage (Phase A) 
V2 = I n v e r t e r  #2 Vol tage (Phase A) 
GI = L i n e  conductance, i n v e r t e r  1 t o  bus 
G2 = L i n e  conductance, i n v e r t e r  2 t o  bus 
G = Load conductance, Phase A. 
'1 BUSA = Power t o  Bus A f rom i n v e r t e r  1, Phase A 
The c o n t r o l  and d i s p l a y  equat ions t o  be used by t h e  t h r e e  phase subsystem 
a r e  combined w i t h  t h e  s i n g l e  phase subsystem outputs .  The reason i s  o n l y  one 
crew s t a t i o n  d i s p l a y  i s  prov ided f o r  t h e  AC vo l tages .  
The computer v i l l  p rov ide  c o n t r o l  over c i r c u i t  breakers du r ing  per iods  
o f  s imulated h igh  cu r ren ts .  Upon c a l c u l a t i o n  o f  an overcur ren t  o f  150% o f  t h e  
c i r c u i t  breaker r a t i n g ,  t h e  c i r c u i t  breaker w i l l  be s e t  open. The c i r c u i t  breaker 
c o n t r o l  r o u t i n e  o f  t h e  c o n t r o l  and d i s p l a y  equat ions w i l l  a l s o  p rov ide  s imulated 
d e f e c t i v e  c i r c u i t  breakers which cannot be r e s e t  and hold. Ma l func t ions  w i l l  
a l so  be prov ided f o r  I n t e r m i t t e n t  sho r t s  causing c i r c u i t  breaker opening. 
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The equations o f  the  EPS s i m u l a t i o n  w i l l  be repeated f o r  each u n i t  e i t h e r  
by programmed loops o r  r e p e t i t i v e  equations, whichever design uses t h e  1 eas t  
amount o f  t ime and core, The r e q u i r e d  mal func t ions  f o r  t h e  EPS s imu la t i on  w i l l  
be designed i n t o  the  equat ions f o r  minimum computer impact. 
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4.3.1.2 A u x i l i a r y  Power U n i t  Subsystem 
The A u x i l i a r y  Power U n i t  s i m u l a t i o n  w i l l  be d i v i d e d  i n t o  s i x  bas i c  
areas o f  equations. See F igu re  4.3.1.2. .These mathematical representa t ions  of 
the  r e a l  wor ld  system cou ld  be w r i t t e n  i n  eng ineer ing  equat ions which may be 
der ived.  Engineering equat ions are  normal ly  r e q u i r e d  f o r  s imu la t i on  where 
systems a r e  h i g h l y  instrumented. A t  present ,  however, the  crew has minimum 
c o n t r o l s  and d i sp lays  r e l a t i n o  t o  t h e  APU ooerat ion.  A l l  c o n t r o l  i n p u t s  
apparent ly  ac tua te  automat ic  sequencer l o g i c  f o r  bo th  s t a r t  up and shutdown 
o f  t h e  tu rb ines .  Since t h e  crew a l s o  has minimum d isp lays ,  r e a l i s t i c  f u n c t i o n a l  
equat ions w i l l  be w r i t t e n  t o  generate t h e  r e q u i r e d  d i s p l a y  parameters w i t h  a 
minimum impact on computer t ime and core loading.  
The s h a f t  load ing  equat ions w i l l  c a l c u l a t e  t h e  mechanical loads on t h e  
t u r b i n e  engine, Inputs  t o  t h e  program w i l l  be prov ided by t h e  Hydrua l i c  System 
and the E l e c t r i c a l  Power System. The l oad ing  equat ions are t o  i nc lude  t h e  
e f f e c t  o f  f r i c t i o n  and windage and t h e  lube pump load. 
LS = (LH + LE ' LLp ' LK)/Keff  * 
where LS = S h a f t  l oad  on t u r b i n e  
LH = Hydrau l ic  loads 
LE = E l e c t r i c a l  loads 
LLP = Lube pump loads 
LK = F r i c t i o n  and windage loads 
K e f f  = blechanical e f f i c i e n c y  
The c o n t r o l  l o g i c  equat ions a r e  t o  p rov ide  s i m u l a t i o n  o f  va lve  s t a t e  
I 
I 
as t h e  r e s u l t  o f  crew sw i t ch  and c i r c u i t  breaker inputs .  Timing delays are 
t o  be incorpora ted  o n l y  where the  response would be detected by t h e  crew. 
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The Helium p r e s s u r i z a t i o n  s imu la t i ons  w i l l  c a l c u l a t e  t h e  amount of 
he l ium (pressure, temperature, mass) i n  t h e  p r e s s u r i z a t i o n  b o t t l e s  and the  
pressure i n  t h e  hydrazine tank. The gaseous volume and gas pressure w i l l  be 
c a l c u l a t e d  us ing  t h e  f u e l  q u a n t i t y  remaining i n  t h e  hydrazine tank. 
V H = V T -  v~ 
= "HlRTH 
where VH = Volume o f  he l ium 
VT = Volume o f  f ue l  tank - constant  
VF = Volume o f  f u e l  
P = Pressure o f  he l ium H 
MH = Mass o f  he l ium 
R = Un iversa l  gas constant  
TH = Temoerature o f  he l ium 
and 
MHP = M0 - MH 
- 
P~~ - M~~ T ~ ~ / V ~ ~  
where MHp = Mass o f  he l ium i n  h igh  pressure tank 
Mo = Mass o f  he l ium - o r i g i n a l l y  i n  t ank -cons tan t  
P~~ = Pressure o f  he l ium - h i g h  pressure tank 
THP = Temperature o f  he l ium - h igh  pressure tank 
VHP = Volume o f  h i g h  pressure hel ium tank - constant  
The f u e l  equat ions w i l l  p rov ide  n o t  on l y  the  f u e l  q u a n t i t y  i n t e g r a t i o n  
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b u t  t h e  supply pressure t o  t h e  gas generator .  These equat ions a r e  t o  take  i n t o  
account v a l v i n g  between t h e  f u e l  tanks and t h e  gas generator.  
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where PF = Pressure of fuel on gas generator 
QF = Fuel quantity remaining 
QC = Fuel quanti ty consumed 
The gas generator equations will  include logic  and functional transforms 
simulating the generation of gas. The gas generator equations will  include 
conditional parameters f o r  valve s t a t e  t o  the  turbine engine control valves. 
Electrical  power usage will  be calculated f o r  EPS bus loading. 
where GG = Gas generation 
The turbine engine equations will  calculate  the functional engine 
speed, exhaust temperature, and fuel consumption r a t e  based on the sha f t  loads. 
Power avai lable  booleans are  a lso t o  be provided t o  the  subsystems of Electrical  
Power and Hydraulic Power. S t a r t  u p  and shutdown sequences a r e  t o  be functionally 
ts = time from s ta r t -up  o r  time from s t a r t  .of shutdown 
From these groups of equations, parameters simulating the actual system 
s t a t e  will be conditioned using sensor and display logic  booleans from the 
Electr ical  Power System f o r  crew s ta t ion  display,  for  i n p u t  t o  the Caution and 
Warning System, o r  f o r  i n p u t  t o  the Telemetry Multiplexer Program. The equations 
will be repeated for  each auxi l iary power u n i t ,  e i t he r  by programmed loops or 
THE SINGER COMPANY 
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by r e p e t i t i v e  equations, whichever requires the l e a s t  amount o f  computer t i m e  
and core. Required malfunctions f o r  the APU are t o  be designed in to  the 
s i m u l a t i o n  f o r  minimum computer impact.  
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Figure 4.3.1.2. - Auxiliary Power U n i t  Subsystem 
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4.3.1.3 l i y d r a u l i c  Power Subsystem 
The Hydrau l ic  Power Subsystem w i l l  be d i v i d e d  i n t o  f o u r  b locks  
o f  genera l l y  r e l a t e d  equat ions f o r  s imu la t i on  purposes. F igu re  4.3.1.3 shows 
t h e  i n t e r f a c e s  o f  these equat ion groups. The mathematical equat ions used 
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as rep resen ta t i ve  o f  t h e  r e a l  wor ld  system cou ld  be de r i ved  engineer ing 
func t ions ,  however, t h e  crew s t a t i o n  c o n t r o l s  and d i sp lays  a r e  minimal.  
A t  present,  t h e  crew d i sp lays  a r e  l i m i t e d  t o  hyd rau l i c  f l u i d  temperature 
and q u a n t i t y .  Caut ion and Warning d i sp lays  r e l a t e  t o  h igh  and low f l u i d  
temperature, low f l u i d  quan t i t y ,  and low pressure. Real i s t i c  f u n c t i o n a l  
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equations w i l l  be w r i t t e n  t o  generate t h e  requ i red  d i s p l a y  parameters 
w i thou t  an excessive computer t ime  requirement.  
Two o f  t h e  hyd rau l i c  power us ing  subsystems, Aerodynamic Cont ro l  
Surfaces and Thrus t  Vector Contro l ,  r e q u i r e  l a r g e  q u a n t i t i e s  o f  f l u i d .  
I n t e r f a c e  requirements, as t h e  r e s u l t  o f  t h e  servo loop h y d r a u l i c  system, 
d i c t a t e  t h a t  t h e  Hydrau l ic  System s imu la t i on  o f  l oad  versus power r u n  a t  
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t h e  same i t e r a t i o n  r a t e  as these subsystems ( o r  twenty t o  t e n  i t e r a t i o n s  
per  second). Th is  requirement, i n  a d d i t i o n  t o  t h e  minimum d isp lays ,  
j u s t i f i e s  t h e  f u n c t i o n a l  approach t o  s imu la t i on  o f  t h i s  system. I 
The load ing  equat ions w i l l  c a l c u l a t e  t h e  summation o f  t h e  f l u i d  
f l o w  from t h e  four main supply l i n e s .  The program w i l l  a l s o  c a l c u l a t e  
f low from the  main supply l i n e s  t o  t h e  two accumulators. These f l u i d  f l o w  
summations form load  request parameters f o r  t h e  pump-reservoir equat ions 
aqd the accumulator equations. The l o a d  request  parameters a r e  t o  be qenerated 
by t h e  us ing  systems f o r  elevons, rudder-speed brake, main engine TVC, engine 
c o n t r o l s ,  OMS TVC, SRM TVC, gear uplocl:, gear deployment / ret ract ion,  wheel 
brak ing,  s teer ing ,  RCS door operat ion,  and payload bay doors. 
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HL =& HL1 + HL2... 
Where HL = h y d r a u l i c  l o a d  on supply main-gpm 
H~l, "LZ = i n d i v i d u a l  load requests. 
The accumulator equat ions w i l l  s imu la te  the  s to red  power by c a l c u l a t i n a  
a l o a d  response f a c t o r  f o r  a l l  u n i t s  t h a t  use accumulator hyd rau l i c  pressure. 
Th is  load response f a c t o r  i s  a f u n c t i o n  o f  t h e  mass, temperature, and volume 
occupied by the entrapped gas. The volume occupied by the  gas w i l l  be c a l c u l a t e d  
by a sumnation o f  hyd rau l i c  f l u i d  usage and resunp ly  f o r  the  accumulator. Load 
requests w i l l  be generated by the  equat ions f o r  use i n  t h e  l oad ing  enuat ions 
as h y d r a u l i c  f l u i d  i s  used from t h e  accumulator. 
The l i m i t  o f  t h e  pressure w i t h i n  t h e  accumulator i s  s e t  by the  h y d r a u l i c  
supply. 
VG = MG R TG/ PG 
Where PG = Pressure on accumulator gas o r  h y d r a u l i c  pressure i f  i t  exceeds i n t e r n a l  
accumul a t o r  pressure. 
MG = Mass o f  gas i n  accumulator 
T = Temperature o f  gas i n  accumulator G 
VG = Volume o f  gas i n  accumulator 
R = Universal  Gas Constant 
The volume occupied by t h e  gas i s  the  volume o f  t h e  accumulator tank l e s s  t h e  
volume o f  h y d r a u l i c  f l u i d .  
v = VT - V" G 
Where VT = Accumulator tank volume 
VH = Volume o f  h y d r a u l i c  f l u i d  i n  t h e  accumulator. 
Dur ing the  expansion c y c l e  the  pressure i n  t h e  accumulator i s  expressed by 
PG = MG R TG/VG 
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1 to  each manifold supply pioe. The pumps a r e  the two APU gear pumps, the ABPS I 
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I Relief and by-pass valves will be logical ly  represented for  eauation usage. I 
A summation of to ta l  pump capabi l i ty  will be made to furnish a load response 
fac tor  f o r  using subsystems based on load request. Reservoir quantity will be 
calculated from a summation of pump usage-return f lu ids  t o  the reservoir .  
I During simulation i n  real time, the load response fac tor  will  allow I 
using subsystems t o  react  i n  a r e a l i s t i c  maneuver when an hydraulic flo\v (o r  
load) request i s  made which exceeds the capabi l i ty  of the pump (or  pumps) 
I on-1 ine to  supply the volume of f l u id  requested a t  the design pressure. 1 I I The time resnonse of systems i s  computed by a load response fac tor  or  I I a fac tor  expressing the percentage of the requested load tha t  was supplied by I 1 overloaded pumps. I 
I Where the hydraulic load t iL  i s  l e s s  than the tota l  pump canabi l i ty  on the 
manifold, the  response fac tor  HF will  be s e t  to  1.0.  I f  the load request 
exceeds the pumpin! canabi l i ty ,  the hydraulic load resnonse fac tor  i s  calculated 
by dividing the to ta l  reauested hydraulic load by the pumping capabi l i ty .  Each I 
using subsystem may then calculate  the percentage of motion achieved a t  the low I 
volume flow and then recalculate a new hydraulic load request. 
A heat load i s  to be calculated fo r  heat balance equation usage t o  
determine the  t em~era tu re  of the  hydraulic f l u i d .  The calculat ion of temnerature 
of the  hydraulic f l u id  will take in to  account coolant valve posit ions as the  
r e su l t  of crew switch, c i r c u i t  breaker, and e lec t r ica l  power conditions. 
Interface parameters df heat load on the water boi ler  heat exchanger will be 
calculated f o r  use by the ECs Subsystem simulation. The ECS Subsystem will  
calculate  a re turn f l u id  temnerature for  use by the  heat balance eauations. 
The heat added t o  the hydraulic f l u i d  i s  calculated by the amount of 
work o r  e l e c t r i c  energy added. 
Q = f  ( W )  + HE 
Where Q = heat added 
W = work done on hydraulic f l u i d  
H E  = e l ec t r i ca l  energy added 
From these grouDs of equations, ~a rame te r s  simulating the  actual system 
s t a t e  will  be conditioned using sensor and disolay loq ic  booleans from the Elec t r i -  
cal Power System f o r  crew s t a t i on  display,  f o r  input t o  the  Caution and Warning Sub- 
system, or  f o r  i n p u t  t o  the Telemetry Subsystem Multiplexer Program. The equations 
will be repeated fo r  each hydraulic oump and manifold s u p ~ l y  pipe, e i t he r  by 
programed loops o r  by r epe t i t i ve  equations, whichever requires the  l e a s t  amount 
of computer time and core.  Required malfunctions f o r  the Hydraulic System a re  to 
be designed in to  the simulation for  minimum computer imoact. 
Heat balance, sensor,  s i ~ n a l  conditioning, and temoerature calculat ions  
will be accomplished on an i t e r a t i o n  r a t e  of f i v e  o r  two per second by internal  
program logic .  
" 
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4.3.2 Propu ls ion  System precedb &b.Kok I 
4.3.2.1 Main Enqine S imula t ion  I 
A Main Fngine System f u n c t i o n a l  s i m u l a t i o n  i s  shown i n  F ioure  4.3.2.1-1 I 1 
w i t h  t h e  major program f u n c t i o n s  and t h e  aeneral i n t e r f a c e s .  The s imu la t i on  model I 
i w i l l  accept  crew s t a t i o n  sw i t ch  and c i r c u i t  breaker  s t a t u s  and i n t e r n a l  sw i t ch inq  1 
! 
l o g i c  t o  determine va l ve  and d i s p l a y  pos i t i on .  E l e c t r i c a l  nower a v a i l a b l e  w i l l  he 
prov ided by t h e  EPS s imula t ion .  The ECS s i m u l a t i o n  w i l l  he prov ided w i t h  base 
I 
I 
I 
I 
hea t ing  r a t e s  f o r  thermal modeling as requ i red .  Telemetered data and i nou ts  t o  the  I I 
C/W model w i l l  be provided. C o n t r o l l e r  comouted engine s ta tus  w i l l  he in te r faced I 
t o  t h e  GNC computer t o  p rov ide  c o r r e c t  s i m u l a t i o n  f i d e l i t y  f o r  those r e q u i r e d  
func t ions .  
The s imu la t i on  o f  t h e  main engine by a  f u n c t i o n a l  model mav he used t o  I 
represent  t h e  r e a l  wo r ld  system w i t h  a  h i g h  depree o f  accuracy. The i n t e n t  o f  t h e  i 
design i s  t o  use the  engine model developed by  NASA MEFC w i t h  minor m o d i f i c a t i o n s  so 
as t o  a l l o w  the  s imu la t i on  t o  r u n  i n  r e a l  t ime. The s imu la t i on  w i l l  use m u l t i n l e  
I 
d i g i t a l  computers. The i n t e r f a c i n g  computer between t h e  GNC computer and t h e  main 
computer w i l l  execute a t  a  bas i c  frame r a t e  o f  25 i t e r a t i o n s  oer  second. Th is  r a t e  
I 
matches t h e  bas i c  GNC ra te .  The i n t e r f a c i n q  computer w i l l  execute t h e  func t i ons  I 
o f  t h e  main enqine c o n t r o l l e r  requ i red  bv t h e  GNC and t h e  main engine f u n c t i o n a l  
I 
I 
model. Those func t i ons  associated w i t h  i n t e r n a l  checks w i l l  n o t  be executed. The I 
i n t e r f a c e  computer w i l l  a l s o  compute these equat ions o f  t h e  f u n c t i o n a l  enqine model 
which r e q u i r e  h i g h  i t e r a t i o n  r a t e s  (i.e., 10 and above). These equat ions a r e  1 
! 
! 
p r i m a r i l y  associated w i t h  t h e  Engine Perforaance Equations. Refer  t o  F igu re  
I 
4.3.2.1- 3. The programs r e q u i r i n g  an i t e r a t i o n  r a t e  o f  f i v e  per  second o r  l e s s  
i 
w i l l  be accomplished i n  t h e  main computer. These proqrams a r e  t h e  Helium Storaoe 
Tanks, He1 ium Pressu r i za t i on  Mani fo ld,  and t h e  P r o p e l l a n t  Tank ~ q u a t i o n s .  
1 
I 
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The next  sec t ions  desc r ibe  t h e  blain Engine Funct iona l  S imula t ion  and 
the  C o n t r o l l e r  Funct ional  Simulat ion. I n t e r f a c i n g  narameters a r e  l i s t e d  i n  t h e  
Appendix. These tab les  a r e  ex t rac ted  f rom NASA referenced documents. 
Date 6/23/73 
Page No. 4.3-42 
I I 
I I 
I I 
I I 
I I 
I I '  
Cmnand 
Decode 
Equations 
1 , -  
I 
I 
SWE 
Functional I 
0 Equattons I SSME Functional I .- 
I 
I 
Equatlons 
fi 
I 1 Equations 
L 
Data 
I 
I C m p r i s o n  - 
ThPU* * Elm 
Mass, Accelerstton 
1 
I 
Comnand GNC I Data 
Interface Softwa~arct 
1 1 I .) 
I I Power Available 
I A 
Data 
Pa01 
I 
Engine 
4 
I j w  
- 
Status 
Equations 
Data Pool 
I 1  )-------L c/w 
I 
I 
I 
Heal Loads ECS 
1 '  
Data 
Mult iplexer 
I 
I 
1 :  lk 1 CUE 
I 
I I 
I I 
6UC Canputers I Interface Cmputer I .  Mafn ~yrtan ~mputer i .  I I ,-. 
I I 
I I 
. . 
I I 
I Figure 4.3.2.1-1 SSME Simulation I n t e r  aces I 
Srg. Cwrd. 
Pmgram I 
------- 
HELIUM REPRESSURIZATION 
I 
I I 
- - - - - - - - 
I A 
I Regs He Blowdown Regs Relief I Tank 
Vent t4 Eng He Supply 
Yalver Englnc He Supply I 
DATE 6/23/73 THE SINGER COMPANY PAGE NO.4.3-44
SIMULATION PRODUCTS DIVISION
REV. BINGHAMTON, NEW YORK REP. NO.
This section describes the general form of equations used to represent
the different processes of the SSME system. The conceptual design for the
SSME simulation model has been formulated using basic process descriptions
as system building blocks.
MAIN ENGINE
FUNCTIONAL SIMULATION
HELIUM STORAGE HELIUM PRESSURIZATION
TANKS MANIFOLD
PROPELLANT TANK ENGINE PERFORMANCE
EQUATIONS EQUATIONS
FIGURE 4.3.2.1-3
Helium Storage Tanks
A 4,000 psi helium storage system with 750 psig regulation capability
is provided in the orbiter for valve actuation and engine helium requirements.
During re-entry and recovery, the MPS fluid system will be repressurized with
helium to preclude the entrance of contamination into the system.
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The system i s  comprised o f  t h r e e  s to rage tanks, Elo. 1 He, !lo. 2 He, 
and CO~~I+lON He. 1.10. 1 Hel ium system i s  used t o  rep ressu r i ze  t h e  LO, p r o p e l l a n t  
system and No. 2 Hel ium system i s  used f o r  t h e  LH, system. The COMMON 
Hel ium tank  prov ides he l ium t o  bo th  No. 1 and No. 2 systems through a 
comon mani fo ld .  
The i n i t i a l  gas storage pressure Pi f o r  a tank may be expressed as,: 
REP. NO. 
- 
1~~~~ 6/23/73 1 THE S I N G E R  COMPANY PAGE N O .  4.3-46 
S I M U L A T I O N  PRODUCTS D I V I S I O N  
, . 
B I N W M C N .  NEW YORK ( ., R E P .  N O .  
where: R = Helium Gas Constant - 386 f t / O ~  
T = 'Temperature of He1 i u m  - OF 
V t  = Tank Volume - F t . 3  - Constant 
I.lHei = I n i t i a l  Helium ideight - pounds 
8 = ?Ion-perfect gas correction f ac to r  - function of temperature 
I n i t i a l  values f o r  Helium weight and temperature would be provided 
through simulator i n i t i a l i z a t i o n  ( r e s e t ) .  
Helium weight would be computed from: 
I Helium temperature would be computed from 
= Helium temperature - present i t e r a t i o n  
T ~ e  = Helium temperature - l a s t  i t e r a t i o n  
n-1 
( l ~ e  = Weight f lowrate of helium out of tank 
WHen = Weight of ~ e l j u m  - present i t e r a t i o n  
J f t  - l b  = Joules '  Constant - 778 
Kt = Effect ive  thermal conductivity of helium tank - BTU/min - OF 
Ta = Ambient temperature of Helium tank 
Tt = Internal  temperature of Helium tank 
Cv = Specif ic  heat of helium a t  constant volurce - BTU/lb - OF 
Helium Pressu r i za t i on  Man i fo ld  
Hel ium flo5m-ates o u t  o f  t h e  he l ium s torage tanks can be computed 
f rom t h e  s i m p l i f i e d  equat ion f o r ,  compressible f l u i d  f low i n  a  l i n e  hav ing  
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R9. i s  computed f o r  each he l ium l i n e  and would have t h e  u n i t s  
Simulated f l cwra tes  w i  11 be c o n t r o l  l e d  by d i s c r e t e  l o g i c  developed 
t o  s imu la te  valve, regu la to r ,  and he l ium f r e e  p a t h  cond i t i ons .  
The pressure a t  any p o i n t ,  x, i n  t h e  he l ium man i fo ld  can be computed 
froa t h e  pressure upstream o f  P o i n t  x ( i .e . ,  t h e  regu la ted  o u t l e t  pressure)  
n i l u s  the pressure drop a t  P o i n t  X. 
! , ih2~2 R i s  t h e  res i s tance  o f  the  l i n e  f rom the r e g u l a t o r  t o  P o i n t  x. , 9. - 
I t  i s  a n t i c i p a t e d  t h a t  temperature f o r  any p o i n t  i n  t h e  he l ium 
n ian i fo ld  i s  n o t  a  s i m u l a t i o n  requirements s ince  t h i s  parameter i s  n o t  
r:cni t o red  by the  f l i g h t  crew. 
Propellant Tank Equations 
propel ;ant Temperature 
The fuel  (!-Hz) and oxidizer (LO2) temperatures will  be computed 
from i n i t i a l  temperature versus time tables  
-. 
Tfu  = f ( t i n e )  
Ullaqe Pressure and Temperature 
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function of the to ta l  mass, to ta l  volume, average temperature, and average 
rcolecular weight of the tank gas, and the universal gas constant. 
The values f o r  intg, Vtg ,  T tg ,  and dl may be obtained a t  any time 
t g 
from the  following r a t e  equations: 
The parameters which generally experience the grea tes t  change 
a n d  therefore,  have the greates t  e f f e c t  on the tank pressure a r e  the  gas mass 
and volune. The change in  the mass of pressurizing gas i s  obtained front 
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the flowrates of any gases snter ing o r  leaving the t a n k ,  plus any mass 
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t r ansfer  betueen l iqu id  and gas phases i n  the  tank. The change i n  
gas volume i s  equal and opposite t o  the change i n  l iqu id  volume i n  t h e  1 
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tank. The change i n  l iquid volume i s  primarily due t o  propellant outflow 
t o  the engines, b u t  a l so  includes the e f f ec t s  of propellant mass t ransfer  
and density changes. 
The changes i n  tank gas temperature depend on the energy balance 
for  the  to ta l  tank gas. The epergy terms involved i n  the balance a re  
re la ted to  a.number of possible factors :  
1. Specif ic  enthalpy and flow ra t e  of the entering gas. 
2. !:ass t r ans fe r  between gas and l iqu id  phases. 
REP. NO. 
3.  Heat t ransfer  bzt:.~een gas and l iquid phases and between gas 
and tank wall. 
4. Change in internal  energy of the gas phase. 
5. Expulsion - work on the propellant P+ i+ 
rrhere: Q = heat quanti ty r a t e  
h = spec i f ic  enthalpy of tank gas 
n = mass flowrate of gas 
u = spec i f ic  internal  energy 
p : pressure of tank pas 
= r a t e  of change for ullage vulurre 
Cv = spec i f ic  h@at cap-acity a t  constant volume I 
Subscr ip ts :  
g = u l l a g e  gas 
e = e n t e r i n g  
v = v a p o r i z a t i o n  
t = tank  
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a knowledge o f  the  thermodynamic p r o p e r t i e s  o f  t h e  gases concerned, the  
heat  t r a n s f e r  ra tes ,  mass t r a n s f e r  ra tes ,  i n - f l o w  r a t e  and temperature, 
and the  out-f.low r a t e s .  
P r o p e l l a n t  D e n s i t i e s  
Using t h e  temperature and tank  u l l a g e  pressure, t h e  d e n s i t y  o f  
each p r o p e l l a n t  can be determined f rom t h e  f o l l o w i n g  expressions: 
P r o p e l l a n t  Volume 
The volume o f  p r o p e l l a n t s  i n  t h e  tanks i s  computed f rom t h e  
remain ing weights and l i q u i d  dens i t y .  
. . 
- 
- " f u e l  
" f u e l  
' f u e l  
P r o p e l l a n t  Tank Volume 
The t o t a l  volume should be t h e  volune of t h e  tank under use 
cond i t ions ,  i - e . ,  tank s t r e t c h  due t o  t h e  i n t e r n a l  p ressure  shou ld  be 
considered, and tank shr inkage due t o  t h e  cryogenic p r o p e l l a n t s  shou ld  be 
inc luded.  
where: 
v~ = To ta l  tank volume under use cond i t i ons  
"c 
'= T o t a l  tank volume a t  Opsig i n t e r n a l  p ressure  and ambient 
temperature 
A v ~  
= Change i n  t o t a l  volune due t o  i n t e r n a l  pressure 
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The tank u l l a g e  volcme can be computed from: 
Acce le ra t i on  Head 
' 
The v e r t i c a l  d i s tanc?  f rom t h e  p r o p e l l a n t  l e v e l s  i n  t h e  tanks t o  
p a r t i c u l a r  l e v e l s  o f  intere;t i n  t h e  feed system i s  r e q u i r e d  (due t o  
v e h i c l e  acce le ra t i on )  i n  the  c a l c u l a t i o n  o f  pressures. The l e v e l s  o f  
i a t ? r ? s t  i n  the  s i r u l a t i o n  a r e  the  l i q u i d  l eve l s ,  tank bottoms, engine 
fsc: system, i n t e r f a c e ,  and t h r u s t  chamber. T h z  he igh ts  from tank  bot tom 
t o  i n t s r f a c e  (H IT )  and i n t e r f a c e  t o  t h r u s t  chacber ( H C I )  a r e  considered, 
i d i c t a t e d  b y  ;'PS dicensions. 
, 
I Tank Liquid Levels I I The leve ls  wi l l  be determined using height-volume tables .  The I 
PAGE NO. 4.3-52 
REP. NO. 
DATE 6/23/73 
R E V .  
1 volumes used will be the  volume of a l l  of the  oxidizer  o r  fuel  l e f t  i n  I 
THE S I N G E R  COMPANY 
S IMULAT l ON PRODUCTS D I V I S ION 
. . 
8 I N O ( M U 4 .  NEW YORK 
the  propulsion and feed system. 
H, - 
1 uel - f (vfue l t  1 
Total Height - Tank Liquid Level t o  Chamber 
HCLFU = H f u e l  + HIT + HCI  
HCLOX = Hox + HIT + HCI 
Heiqht - In te r face  to Injector  I n l e t  
HLIFU = H f u e l  + HIT 
HLIOX = Hox + HIT >.  
I Pressure a t  Bottom of  Propellant Tank 
wiler2: P t b  = Pressure a t  bottom of propellant  tank 
Ptg = Ullage Pressure 
H ~ r o ~  = Height of Propellant  in  Tank 
.- 
Xbody = Vehicle Acceleration along X body ax is  
G x,, = Earth 's  gravi ta t ion along x body axis 
- 
= Density of propellant  as a function of ul lage pressure 
and temperature 
9 = Gravitat ional constant - 32.2  feet/secondz 
Engine Equations 
Propellant .f low r a t e s  can be based on the  Bernoulli equation: 
where: PI = I n l e t  pressure - psi 
PZ = Outlet  pressure - psi 
p = P r o p ~ l l a n t  Censi t y  - lbm/ft3 
R = Flow res is tance - l b f  sec2/lb,,, f t 5  
- 
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Mixture r a t i o  = IslR = I , iox /Wfuel  
Total Propellant  Flowrate = \IT = GIox + \d fue l  
Engine Performance Equations 
The engine performance equations f o r  the  SMS SSPIE simulation should 
be based on the  d ig i t a l  simulation prepared by North American Rockwell Corp. 
This d i g i t a l  simulation f o r  the  SSME i s  described i n  PIAR document .RL00001, Rev. B. 
This approach should a1 low f o r  the  most convenient modification t o  the  SSME 
siii:ulation upon rece ip t  of NA4 change data and should provide f o r  e f f i c i e n t  
cor re la t ion  of siinulator perfomance with PlAR predicted,  o r  actual  
p?rigrnance, data fo r  the  SSE. 
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C o n t r o l l e r  Proqram - The C o n t r o l l e r  Proaram w i l l  be f u n c t i o n a l l y  
simulated. A t y n i c a l  opera t iona l  miss ion  sequence i s  shown i n  F igure  4.3.7.1-5. 
Th is  seauence i s  charac ter ized by t h e  successive occurrences of d i f f e r e n t  
enqine opera t ing  ohases. Each phase i s  cha rac te r i zed  bv  t h e  t yoe  o f  c o n t r o l  
f unc t i ons  which are  occurr ing.  These phases and c h a r a c t e r i s t i c  f u n c t i o n s  a r e  
as fo l l ows :  
I 
(a )  Checkout - Inc ludes  u r e f l  i g h t  c a l i b r a t i o n  o f  nressure sensors I I I 
and a  s imu la ted  s t a r t  and shutdown sequence, w i t h o u t  o rope l l an ts  i n  t h e  enaine 
sys tern. 
i 
FIGURE 4.3.2.1-5 
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(b) S t a r t  F repara t ion  - Inc ludes f u n c t i o n s  requ i red  t o  
c o n d i t i o n  the  engine f o r  s t a r t i n g  such as purg ing  and c o n t r o l  o f  p r o n e l l a n t  
DATE 6/23/73 
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(c )  S t a r t  - Funct ions requ i red  t o  s t a r t  and sequence t h e  
engine t o  mainstage a r e  i nc luded  such as va lve  sequencing, i g n i t i o n ,  and t h r u s t  
bu i l dup  c o n t r o l .  
(d) Painstage - Encompasses func t i ons  reou i red  f o r  cont inuous 
performance c o n t r o l  i n  the  mainstage Dower range which i s  hetvleen 50 percent  
and 109 percent  o f  normal power l e v e l  (NPL). 
(e) Shutdown - Inc ludes f u n c t i o n s  requ i red  t o  shutdown t h e  
engine such as t h r u s t  decrease ramp con t ro l ,  and programed c l o s i n g  o f  va lves.  
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( f )  Post Shutdown - Normal ly a  quiescent  standby stage o f  
c o n t r o l  opera t ion  except f o r  c o c t r o l l e r  s e l f  t e s t  f unc t i ons  which occur con t i n -  
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uously whenever power i s  one. Opt ional  f unc t i ons  o f  p r o p e l l a n t  dumping o r  
a b o r t  turnaround are poss ib le  du r ing  t h i s  phase. 
Dur ing a l l  phases o f  opera t ion  t h e  C o n t r o l l e r  Program performs 
data processing func t ions  f o r  f a i l u r e  de tec t i on  and s ta tus  data supp l ied  t o  
the  veh ic le .  
As system opera t i on  proaresses through an opera t ing  phase, d i f f e r e n t  
combinations o f  c o n t r o l  f unc t i ons  are  ope ra t i ve  a t  d i f f e r e n t  t imes. These 
d i f f e r e n t  opera t ing  combinations w i t h i n  a phases are  de f i ned  as ope ra t i ng  modes. 
As an examole, the  Mainstaqe ohase has the f o l l o w i n g  ope ra t i ng  modes: 
Hormal Cont ro l  
Thrus t  L i m i t i n g  
i 
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graphs. I 
I 
I 
- 
Operat ing mode d e f i n i t i o n s  f o r  a l l  phases are  g i ven  i n  Table X I X .  
Operat ional  program func t ions ,  t h e i r  sequencing and t i m i n g  w i l l  l a t e r  be 
r e l a t e d  t o  the phases and modes o f  system opera t ion .  
Recause some func t i ons  are  oerformed i n  more than one opera t ing  
ohase o r  mode the  l o q i c  requ i red  f o r  ope ra t i ona l  c o n t r o l  o f  t h e  f u n c t i o n a l l y  
s imulated SSME s h a l l  be d i v i d e d  i n t o  several  grouoings o f  f u n c t i o n a l  l o g i c  
which i n  combinat ion are  capable o f  per forming a l l  l o g i c a l  operat ions r e a u i r ~ d  
f o r  c o n t r o l  o f  the  SSPE. 
This s p e c i f i c a t i o n  presents a s e t  o f  Funct iona l  Elements which 
de f i ne  the  requirements o f  the  C o n t r o l l e r  Software. Th is  has keen done t o  
more c l e a r l y  present  f u n c t i o n a l  reouirements o f  the  program and t o  show the  
i n t e r r e l a t i o n  between these requirements. The C o n t r o l l e r  Program end product  
s h a l l  be made up o f  a s e t  o f  subprograms c a l l e d  Computer Program Components 
(CPC's). Organ iza t ion  o f  the  Operat ional  Program i n t o  s p e c i f i c  CPC's t o  
co inc ide  w i t h  the  o rgan iza t i on  o f  the Funct ional  Elements as presented i n  t h i s  
s p e c i f i c a t i o n  i s  n o t  a requirement.  However, the  r e s u l t i n g  program must 
accomplish the  func t i ons  and meet the  performance requirements o f  t h i s  
s p e c i f i c a t i o n .  
C o n t r o l l e r  Proqram D e f i n i t i o n  - The C o n t r o l l e r  Proqram s h a l l  
s a t i s f y  t h e  requirements o f  the  n ine  Funct iona l  Elements shown i n  F igu re  
4.3.2.1.6. These Funct iona l  Elements a r e  de f ined i n  the  f o l l o w i n a  subpara- 
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
. ,I' 
BINGHAMTCN. NEW YORK 
PAGE NO. 4.3-57 
REP. NO. 
EXECUTIVE 
f 
DATE 6 / 2 3 / 7 3  
REV. 
- 
- 
CONTROLLER 
SELF TEST 
PALFUNCTIONS 
5 / s e c  
x 
CHECKOUT 
 SPY 
START 
PREPARATION 
2 5 / s e c  
POIaIER R A K E  
COEITROL 
OPERATIONAL PROGRAM r 1 
i 
FIGURE 4 .3 .2 .1-6  
OPERATIONAL PROGRAM FUNCTIONAL ELEPENTS 
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
BINU(/LWON. NEW YoRK 
2 5 / s e c  
POST SHUTDOWN 
CONTROL 
2 5 / s e c  
L I M I T  
MONITORING 
2 5 l s e c  
PAGE NO. 4.3-58 
REP. NO. 
- 
2 5 / s e c  
SENSOR DATA 
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+ 
GNC DATA 
PPOCESSIIIG 
Execut ive Funct iona l  Element - This f u n c t i o n a l  element 
es tab l i shes  the  sequence o f  opera t ions  t o  be performed by the c o n t r o l l e r  software. 
Operat ion o f  the  Execut ive Funct ional  Element i s  c y c l i c .  Under normal 
operat ion,  whether on the  ground f o r  checkout o r  du r ing  f l i g h t ,  the  c o n t r o l l e r  
computer progresses throucth the Execut ive Funct iona l  Element p e r f o r c i n g  program 
l o g i c a l  operat ions i n  an endless loop (25/sec). Each loop through the 
f u n c t i o n a l  element i s  c a l l e d  a  major execut ive  proflram cyc le .  The  loo^ may 
be r e v i s e d  by any one o f  several  types o f  events which cause an i n t e r r u p t  i n  
the  e x i s t i n g  sequence: 
(a )  Command rece ived f rom GNC a l t e r s  a  nhase o r  mode o f  
opera t ion .  
(b) A b u i l t - i n  t e s t  program determines component mal func t ion .  
( c )  Engine l i m i t  de tec t i on  mon i to r  determines an engine 
1  i m i  t has been exceeded. 
The Execut ive Funct iona l  Element conta ins  the  l o g i c  t o  
eva lua te  a l l  o f  the th ree  events l i s t e d ,  update engine s ta tus  i n f o r m a t i o n  
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supp l i ed  t o  t h e  GNC and change the  combinat ion o f  subprograms being processed 
by  t h e  computer. 
C o n t r o l l e r  S e l f  Tes t  Funct iona l  Element - This f u n c t i o n a l  
element i s  executed once du r ina  every 5  major execut ive  program cyc les .  I t  
v e r i f i e s  the  s ta tus  o f  a l l  c o n t r o l l e r  components. I f  a  com~onent  ma l func t i on  
which does n o t  impa i r  the o p e r a b i l i t y  o f  the  c o n t r o l l e r  i s  detected, t h e  
ma l func t i on  i s  i n d i c a t e d  and the  nex t  s tep normal ly  performed i n  the  t e s t  
sequence i s  executed. I f  a  ma l func t i on  occurs which r e s u l t s  i n  an i nooera t i ve  
c o n t r o l l e r  channel, the  ma l func t i on  i s  i n d i c a t e d  and c o n t r o l  i s  t rans fe r red  
t o  t h e  Execut ive Funct ional  Element f o r  the  processing o f  channel shutdown. 
I 
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oxidizer system and HPOT (high pressure oxidizer turbopump) Turbine Seal unt i l  
engine s t a r t  and helium purge of FPOT Intermediate Seal;  ( 2 )  helium purge 
of the  fuel  system pr ior  t o  dropping propellants;  ( 3 )  propellant  rec i rcu la t ion  i 
when propellants a re  dropped; and ( 4 )  helium purge of the fuel  system repeated 
pr io r  t o  engine s t a r t .  The time allocated fo r  each purge i s  controlled by the  
vehicle. Interlocks i n  the software proqram verify t h a t  the sequence i s  cor rec t  
and tha t  conditions a re  acceptable pr ior  t o  i n i t i a t i n g  each purge. Correct 
purge pressure conditions a re  ver i f ied each major cycle of the  Executive 
i 
I 
Functional Element. 
Power Ranae Control Functional Element - This functional I 
; 
element controls engine operation during the  s t a r t ,  mainstage, and shutdown 1 
phases of engine operation. I 
I 
During s t a r t ,  valve posit ions a r e  sequenced and programed, 1 
i gn i t e r s  a r e  energized, igni t inn  ver i f ied ,  and closed loop th rus t  and mixture 
r a t i o  control i s  i n i t i a t e d .  
. . 
Checkout Functional Element - This functional element 
performs pre f l igh t  ca l ib ra t ion  of specif ied performance control sensors.  A 
simulated s t a r t  and shutdown seouence i s  a l so  provided to  verify the operation 
of some sensors, engine control components, without propellants i n  the engine 
system. 
S t a r t  Preparation Functional Element - This functional 
element controls system purges and propellant conditioning durinp preparation 
for  engine s t a r t .  I t  a l so  ve r i f i e s  propellant conditions pr io r  t o  indicating 
an Engine Ready s t a t u s  f o r  s t a r t .  
Four sequence conditions a re  required t o  condition the 
engine for  s t a r t .  These include: ( 1 )  GN2 (gaseous nitrogen) purge of 
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I n  the  Mains ta te  Phase, engine t h r u s t  and m ix tu re  r a t i o  a re  
c o n t r o l l e d  t o  re ference l e v e l s  supp l ied  from t h e  GNC. The t h r u s t  and m ix tu re  
r a t i o  c o n t r o l  per form dynamic compensation func t i ons  on feedhack sensor s igna ls ,  
c o n d i t i o n i n g  of reference s igna ls  f o r  r a t e  o f  change and l i m i t s ,  computation 
o f  performance e r r o r s  and c o n t r o l  cotnoensation of de r i ved  e r r o r s  t o  ~ r o v i d e  
c o n t r o l  valve p o s i t i o n  re ference s iqna ls .  Closed l oop  temperature l i m i t  
c o n t r o l  f unc t i ons  are  a l s o  performed. 
Thrus t  decrease ~ r o q r a m i n q  and va lve  sequencing func t ions  
a r e  performed du r ing  the  Shutdown Phase. Log ic  i s  a l s o  prov ided f o r  L i m i t  
Shutdown o r  Emergency Shutdown from any t h r u s t  l e v e l .  
Post Shutdown Cont ro l  Funct ional  Element - This func t i ona l  
element conta ins c o n t r o l  l o g i c  f o r  the  engine du r ina  t h e  Post Shutdown phase 
o f  engine operat ion.  Three types o f  opera t iona l  modes a r e  c o n t r o l l e d  by the 
l o g i c  and may be se lec ted  by v e h i c l e  connnand. TFese are: 
(a) Standhy 
(b) P rope l l an t  Dump (Ox id izer  Dump and Fuel Dump Modes) 
(c )  Abort  Turnaround (Sequence No. 1 & Seauence No. 2 Modes) 
Standby - This i s  a w a i t i n g  mode o f  c o n t r o l l e r  opera t ion  
normal ly  entered a t  t h e  complet ion o f  the  Shutdown ohase. I n  t h i s  mode on l y  
the  Executive, Sensor Data Processing, GNC Data Processing, and C o n t r o l l e r  
S e l f - t e s t  Funct ional  Element operat ions are beina performed. 
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Prooe l l an t  Dumo - The p r o o e l l a n t  dump modes o f  opera t ion  
sequences va lves  and prov ides i n t e r l o c k s  f o r  sa fe  c o n t r o l  o f  p r o p e l l a n t  
dum~ing.  The d u r a t i o n  o f  dumping f o r  each p r o p e l l a n t  i s  c o n t r o l l e d  hy t h e  
GIIC. S e ~ a r a t e  commands a r e  requ i red  from the  GNC t o  i n i t i a t e  o x i d i z e r  dumping, 
then f u e l  dumping, and te rminate  t h e  process. 
Abort  Turnaround - The a b o r t  turnaround modes o f  c o n t r o l  
are a  mod i f ied  S t a r t  Prepara t ion  sequence used t o  prepare the  engine f o r  
s t a r t  s h o r t l y  a f t e r  an aborted f i r i n a .  The sequence t i m i n g  i s  c o n t r o l l e d  by 
the GNC. Log ic  i s  prov ided t o  ensure t h a t  a  proper  seauence i s  performed and 
t h a t  cond i t i ons  are c o r r e c t  be fore  an Enqine Peady Status s igna l  i s  given. 
L i m i t  Moni t o r i n q  Funct ional  Element - Th is  f u n c t i o n a l  
element checks l i m i t  shutdown parameters and ac tua to r  p o s i t i o n  e r r o r s  aga ins t  
s p e c i f i e d  l i m i t s  r e l a t i v e  t o  the  phase ope ra t i ng  reouirements. Unsa t i s fac to ry  
s ta tus  cond i t i ons  a r e  i d e n t i f i e d  f o r  eva lua t i on  and c o r r e c t i v e  ac t i on .  
The L i m i t  P o n i t o r i n g  Funct iona l  Element i s  ope ra t i ve  every 
major execut ive  program cycle.  Dur ing a l l  opera t iona l  phases p r o p e l l a n t  va lve  
p o s i t i o n  commands and i n d i c a t e d  p o s i t i o n s  a r e  compared t o  v e r i f y  c o r r e c t  
p o s i t i o n i n g .  Mon i to r i ng  func t ions  f o r  o the r  system parameters occur du r ing  
f l i g h t  operat ion.  These func t i ons  va ry  according t o  the  opera t ing  phase and 
s ta tus  w i t h i n  the  phase. 
Sensor Data Processinq Funct iona l  Element - Th is  f u n c t i o n a l  
element i s  a c t i v e  every execut ive  proqram.cycle. It scales raw data f rom I i 
sensors w i t h  redundant channels. Scaled values are  ohta ined by us ing  c a l i b r a t i o n  1 
constants s to red  i n  memory. Status on mal funct ioned sensors i s  i nd i ca ted .  I 
This f u n c t i o n a l  element a l s o  processes scaled sensor measurements t o  produce 1 
p r o p e l l a n t  we igh t  f l o w  ra tes ,  engine m ix tu re  r a t i o ,  and t h r u s t  l e v e l  data f o r  
c o n t r o l  and engine maintenance record ing .  
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Veh ic le  Data Processinq Funct ional  Element - Th is  f u n c t i o n a l  
element i s  ope ra t i ve  du r ing  a l l  phases. I t processes enqine s ta tus ,  performance 
and maintenance t rend  data t o  the  proper  format reou i red  f o r  t ransmiss ion 
t o  the  veh ic le .  
Proqram I n t e r f a c e  - As shown i n  F igure  4.3.2.1-7 data f l o w  
t o  the  C o n t r o l l e r  Funct ional  Program comes f rom GLIC commands, c o n t r o l l e r  elements 
and engine system sensors through the  GNC/Engine and Cont ro l le r /Eng ine  I n t e r f a c e .  
The C o n t r o l l e r  Program produces s ta tus  i n f o r m a t i o n  and performance data which 
i s  t ransmi t ted  t o  the  GNC through the  GNC/Engine In te r face .  The C o n t r o l l e r  
Program a l s o  produces c o n t r o l  command s igna ls  which c o n t r o l  engine func t i ons  through 
the  Engine/Contro l ler  I n te r face .  
G#C/Ensine Data I n t e r f a c e  - The C o n t r o l l e r  Propram 
provides f o r  accept ing and responding t o  GKC commands. The format  o f  GFlC 
commands t ransmi t ted  v i a  the  GNC/Engine Command channels t o  t h e  c o n t r o l l e r  I 
s h a l l  be as de f ined i n  Table I V .  The format o f  data t ransmi t ted  f rom the  
c o n t r o l l e r  v i a  the  GNC/Engine Recorder channels every data t ransmiss ion c y c l e  
1 
(every 40 ms) s h a l l  be as de f ined i n  Table V I .  Data t ransmi t ted  from t h e  
c o n t r o l l e r  v i a  the  GNC/Engine Command channels i n  response t o  a  Status Reouest 
commandshall b e a s  def ined i n T a b l e V .  ' 
C o n t r o l l e r  - Enqine Data I n t e r f a c e  - The Operat ional  
Program provides f o r  acceot ing engine sensor data and producing c o n t r o l  1 
s igna ls .  See Tables I X ,  I and I 1  f o r  sensor ranges, -temperatures l i m i t  c o n t r o l  ! ! 
ranae and engine l i m i t  c o n t r o l  shutdown parameter. I 
I 
. .  . . . . 
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Performance o f  C o n t r o l l e r  Software 
Execut ive Funct ional  Element - The Execut ive Funct ional  
Element s h a l l  c o n t r o l  C o n t r o l l e r  Proqram sequencins and per form l o o i c a l  
operat ions so t h a t  the  f o l l o w i n q  ope ra t i ona l  requirements are  s a t i s f i e d .  
Engine Status - Engine s ta tus  in fo rmat ion ,  defined i n  
Table V, s h a l l  be computed and updated every major execut ive program c y c l e  
(25/sec). This i n fo rma t ion  s h a l l  be a v a i l a b l e  f o r  t ransmiss ion t o  GNC upon 
r e c e i p t  o f  a  Status Request command. This r e q u i r e d  s ta tus  in fo rmat ion ,  
supplemented as necessary by a d d i t i o n a l  s ta tus  i n f o r m a t i o n  computed s o l e l y  f o r  
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program use, s h a l l  be used i n  con junc t i on  w i t h  l o g i c  t o  v a l i d a t e  (accept o r  
r e j e c t )  GNC commands and e s t a b l i s h  sequencing and i n t e r l o c k i n q  o f  c o n t r o l l e r  
func t ions .  
GNC Comand Processinq - The Execut ive Funct iona l  Element 
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s h a l l  r ece i ve  commands i n  the  fo rmat  de f ined by Table V I I  f rom a l l  operahle 
GNC/Engine Cormand channels. Any s i n g l e  command channel s h a l l  be d i s q u a l i f i e d  
from GNC command processing by any one f o  the  f o l l o v i i n g  commands from GNC: 
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Command Channel 1  I n h i b i t ,  Command Channel 2  I n h i b i t  o r  Command Channel 3 
I' 
I n h i b i t .  The i n h i b i t  t o  any command channel s h a l l  be removed by any one f o  t h e  
f o l l o w i n a  commands from GNC: Command Channel 1  Enable, Command' Channel 2  
Enable o r  Comand Channel 3 Enable. Command words from GNC, t o  d i s q u a l i t y  
and r e s t o r e  comand channels, s h a l l  be v i a  the remaining ope ra t i ona l  command 
channels. 
I GNC commands s h a l l  be o f  two types: abso lu te  commands and I v a r i a b l e  commands. The v a r i a b l e  commands are  Thrus t  Level and M ix tu re  Ra t io .  
A l l  o the r  commands a r e  abso lu te  commands. 
I 
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entered o n l y  i f  checkout i s  complete. GNC s t a r t  p repa ra t i on  phase commands I 
rece ived dur ing  t h i s  phase s h a l l  no t  he implemented i f  they a r e  n o t  i n  normal I i 
sequence o r  w i t h i n  the  t ime l i m i t s  spec i f i ed  i n  " S t a r t  Prepara t ion  Funct ional  I 
GNC Command V a l i d a t i o n  - Comnands f rom the  GNC s h a l l  he 
v a l i d a t e d  o r  r e j e c t e d  by command channel v o t i n g  and aa reem~n t  w i t h  engine 
ope ra t i ns  ohase. 
Command Channel V o t i n q  - Absolute commands s h a l l  agree 
e x a c t l y  i n  content  f o r  a l l  operable command channels. Var iab le  commands s h a l l  
agree w i t h i n  (TED) percent  o f  each o the r  i f  a l l  t h ree  command channels a r e  
opera t ive ,  and (TBD) percent  i f  o n l y  two channels a r e  opera t ive .  For  opera t ion  
w i t h  th ree  good channels, two o u t  o f  t h ree  ayreement c o n s t i t u t e  a good vote. 
For  two good channels, bo th  channels must aqree i n  o rde r  t o  c o n s t i t u t e  a  good 
vote. F a i l u r e  t o  o b t a i n  a  good vo te  s h a l l  r e s u l t  i n  a  Message Re jec t  Code t o  
be t ransmi t ted  t o  the veh ic le .  
Command Aqreement w i t h  Phase - A f t e r  a  command has heen 
v a l i d a t e d  by comnand channel vo t i ng ,  the  command s h a l l  be checked f o r  agreement 
w i t h  engine phase o f  opera t ion  i n  accordance w i t h  Table I V  and the requirements 
(a) through ( f )  below. I f  a  comand i s  determined t o  be i n v a l i d  due t o  
disagreement w i t h  engine phase o r  mode o f  operat ion,  a  Message Re jec t  code 
s h a l l  be t ransmi t ted  t o  the GNC. 
(a) Checkout Phase - This phase o f  ope ra t i on  may be 
entered upon i n i t i a l  Dower on, o r  from the  S t a r t  Prepara t ion  o r  Post Shutdown 
phases subsequent t o  the r e c e i p t  o f  a  C o n t r o l l e r  Reset Command. There s h a l l  
be no r e s t r i c t i o n s  on swi tch ing  between f u n c t i o n a l  modes o f  t h i s  phase. 
(b )  S t a r t  Prepara t ion  Phase - .  This phase s h a l l  be i I 
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Element". The S t a r t  Prepara t ion  phase sequence may be s t a r t e d  over prov ided 
c r i t e r i a  f o r  s t a r t  o f  the  phase are  s t i l l  s a t i s i f e d .  
( c )  S t a r t  Phase - This phase s h a l l  be entered o n l y  
i f  Engine Ready s ta tus  cond i t i ons  are  s a t i s i f e d  and a l l  S t a r t  Preparat ion o r  
Abor t  Turnaround procedures have been comnleted. GNC L i m i t  Contro l  I n h i b i t  
commands s h a l l  be ignored u n t i l  i g n i t i o n  has been conf irmed. 
(d) Painstape Phase - This phase i s  entered from the  
S t a r t  phase w i t h o u t  a GWC command. 
(e) Shutdown Phase - Once i n i t i a t e d  i t  s h a l l  no t  be 
poss ib le  t o  i n i t i a t e  a new phase u n t i l  a l l  f unc t i ons  o f  t h i s  pbase have been 
completed. Only the  Post Shutdown phase may be entered a f t e r  the Shutdown 
Phase. 
( f )  Post Shutdown Phase - This phase s h a l l  be entered 
on l y  a f t e r  the  Shutdown phase. 
Implementat ion o f  Veh ic le  Commands - A l l  comnands f rom 
the  veh ic le ,  except the  Status Request command, s h a l l  be implemented a f t e r  a 
Command Execute command has been received and va l i da ted .  A v a l i d a t e d  command 
s h a l l  n o t  be im~lemented i f  a command o the r  than Command Execute i s  suOseauently 
received.  
Comnand F a i l u r e  I d e n t i f i c a t i o n  - When a Enessage Re jec t  
code i s  t h e  r e s u l t  o f  GNC command processing, then the  f a i l u r e  i d e n t i f i c a t i o n  
code f o r  I n v a l i d  GNC command s h a l l  he i n s e r t e d  i n  t h e  f a i l u r e  i d e n t i f i c a t i o n  1 
word and the  f a i l e d  parameter word s h a l l  con ta in  tbe  r e j e c t e d  command code. 
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When a f a i l u r e  which can be i s o l a t e d  t o  an i n d i v i d u a l  
command channel i s  detected by comnand channel vo t ing ,  then the  f a i l u r e  
i d e n t i f i c a t i o n  code f o r  one of the  GNC/Engine Command Channels s h a l l  be 
i n s e r t e d  i n  the  f a i l u r e  i d e n t i f i c a t i o n  word. The t e s t  number word s h a l l  
con ta in  t h e  number o f  t imes a f a u l t  has heen i s o l a t e d  t o  t h a t  channel and the  
f a i l e d  parameter word s h a l l  con ta in  the command as rece ived on t h a t  channel. 
krhen a f a i l u r e  has been v e r i f i e d  f o r  t h ree  successive commands from the  GNC 
on any s i n g l e  command channel, then t h a t  channel s h a l l  be d i s o u a l i f i e d  f rom 
f u t u r e  GNC comand orocessing u n t i l  a  Command Channel Enable command i s  
implemented f o r  t h a t  channel. 
Ma l func t ions  - The Execut ive Funct iona l  Element s h a l l  
r ece i ve  and respond t o  f a i l u r e  s ta tus  i n d i c a t i o n s  i n  accordance w i t h  Table X I I .  
Cycle Time - The Execut ive Funct iona l  Element s h a l l  complete 
a computational c y c l e  a t  l e a s t  every 40 m i l l i seconds .  
Response t o  I n t e r r u p t s  - The Execut ive Funct ional  Element 
s h a l l  i nc lude  the  c a p a b i l i t y  t o  respond t o  program i n t e r r u p t s  caused by b u t  
no t  l i m i t e d  to :  
(a )  C o n t r o l l e r  F a i l u r e  
(b)  Servovalve Redundancy F a i l u r e  
( c )  Vehic le Command 
C o n t r o l l e r  S e l f  Tes t  Funct ional  E l e m  - This f u n c t i o n a l  
element s h a l l  v e r i f y  the s ta tus  o f  a l l  c o n t r o l l e r  components except comoonents 
which are  c h e c k ~ d  as p a r t  o f  the  sensor i n p u t  t e s t s  o f  t h e  Sensor Data 
Processing, and Checkout Funct iona l  Elements. S e l f  t e s t  s h a l l  be performed 
every f i v e  major execut ive  program cyc les .  A l l  ma l func t ions  w i l l  be monitored 
i n  t h i s  program. 
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Checkout Funct ional  Element - This f u n c t i o n a l  element s h a l l  
perform P r e f l i g h t  C a l i b r a t i o n ,  a  s imulated s t a r t  and shutdown sequence and 
o the r  operat ions associated w i t h  the  Checkout phase o f  engine operat ion.  
Checkout Condi t ions - Upon r e c e i p t  o f  a  C o n t r o l l e r  Reset 
command the  Operat ional Propram s h a l l  be i n i t i a l i z e d  as f o l l o w s :  
(a )  The Engine Status Word s h a l l  be s e t  t o  the Standby mode 
o f  Checkout and t o  i n d i c a t e  Engine OK. 
(b) A l l  f a i l u r e  i n d i c a t i o n s  s h a l l  be r e s e t  t o  i n d i c a t e  no 
f a i l u r e s .  
- 
(c )  A l l  p r o p e l l a n t  valves s h a l l  be commanded c losed.  
(d)  A l l  so leno id  and toraue motor c o i l s  s h a l l  be de- 
energized. 
(e) A l l  d i s q u a l i f i e d  component channels s h a l l  be res to red  
t o  normal opera t ion .  
( f )  A l l  I responses as def ined by Table XI1 and t h e i r  
over r ides  s h a l l  be reset .  
(g) Checkout Complete and Engine Ready Status s h a l l  be 
negated. 
V e r i f i c a t i o n  o f  No P r o p e l l a n t  Drop and Hydrau l ic  System 
Pressure, and Flowmeter Spin L i m i t  Cont ro l  s h a l l  be performed every major 
execut ive  program cyc le  du r ing  the  Checkout phase. Execut ive, C o n t r o l l e r  S e l f -  
Test, Sensor Data Processing and Vehic le Data Processing operat ions app l i cab le  
t o  the  Checkout mode s h a l l  be cont inuous ly  a c t i v e  du r ing  t h i s  phase. The 
ac tua to r  f a i l - s a f e  c o i l s  and the Emergency Shutdown Contro l  Valve C o i l  s h a l l  I 
be de-energized du r ing  Checkout, except where energi z a t i o n  o f  these c o i l s  are i 
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necessary t o  oerform checkout r e q u i r i n g  h y d r a u l i c  a c t u a t i o n  o f  the  p r o n e l l a n t  
valves o r  t o  checkout the Emergency Shutdown c o n t r o l  system. 
S t a r t  Prepara t ion  Funct iona l  Element - This f u n c t i o n a l  element 
s h a l l  c o n t r o l  system purges and p r o p e l l a n t  c o n d i t i o n i n q  du r ing  prepara t ion  f o r  
engine s t a r t .  I t  s h a l l  a l so  v e r i f y  t h a t  s a t i s f a c t o r y  cond i t i ons  e x i s t  f o r  
S t a r t  p r i o r  t o  updat ing  o f  the Engine Status Word t o  Engine Ready. P r o p e l l a n t  
valves s h a l l  remain closed, i g n i t e r s  s h a l l  remain o f f  and the  measured h y d r a u l i c  
pressure s h a l l  remain w i t h i n  to lerance.  
The i n i t i a t i o n  and d u r a t i o n  o f  each purge i s  c o n t r o l l e d  by GWC 
command. A s p e c i f i e d  s e t  o f  operat ions s h a l l  be performed upon t h e  r e c e i p t  
o f  each purge command from the  GNC. Funct ions performed i n  response t o  each 
GNC command are de f i ned  and g iven i n  t h e i r  normal sequence i n  the f o l l o w i n g  
subparagraphs. 
Purqe Sequence No. 1  (Ox id izer  System Hioh Pressure Ox id i ze r  
Turbo-Pump (HPOT) Turbine Seal and In te rmed ia te  Seal Purqes - The operat ions 
associated w i t h  t h i s  sequence a r e  i n i t i a t e d  a f t e r  v a l i d a t i o n  o f  a  Purge Sequence 
No. 1 command f rom t h e  GNC. Operations o f  t h i s  seauence are  de f ined i n  Table XI11 
P a r t  A.  
Purse Sequence No. 2 (Fuel System Purqe) - GNC commands f o r  
i n i t i a t i o n  o f  t h i s  sequence s h a l l  n o t  be a c c e ~ t e d  unless the  ooerat ions o f  
sequence No. 1  have been accomplished and a t  l e a s t  4  minutes have elapsed 
s ince  the i n i t i a t i o n  o f  sequence No. 1. A f t e r  r e c e i p t  and v a l i d a t i o n  o f  a  
Purge Sequence No. 2 command f rom the GNC t h e  opera t ions  o f  Table XI11 P a r t  B 
s h a l l  be nerformed. 
DATE 6/23/73- 
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Purae Sequence No. 3 (P rope l l an t  R e c i r c u l a t i o n )  - GNC commands 
f o r  i n i t i a t i o n  o f  t h i s  sequence s h a l l  n o t  be accepted unless the ooerat ions o f  
Sequence No. 2 have been accomplished and a t  l e a s t  3 minutes have elapsed 
s ince the  i n i t i a t i o n  o f  Seouence No. 2. A f t e r  r e c e i p t  and v a l i d a t i o n  o f  a  
Purge Sequence No. 3 comnand f rom the  GNC t h e  opera t ions  o f  Tahle XI11 Par t  C 
s h a l l  be performed. 
Purqe Seouence No. 4 (Fuel System Purqe A f t e r  P rone l l an t  
Orop) - Commands f o r  t h i s  seauence s h a l l  n o t  be accepted u n t i l  27 minutes 
have elapsed f rom the  i n i t i a t i o n  o f  Purge Sequence No. 3. A f t e r  v a l i d a t i o n  
o f  a  Purge Sequence No. 4 command from the GNC t h e  opera t ions  o f  Table XI11 
Par t  D s h a l l  be performed. 
Enaine Ready Condi t ions - An Engine Ready s ta tus  s igna l  
s h a l l  be prov ided t o  t h e  GNC a t  the  complet ion o f  engine cond i t i on ing  f o r  
s t a r t  i f  cond i t ions  are c o r r e c t .  The f o l l o w i n q  cond i t i ons  must e x i s t  f o r  an 
Engine Ready s ta tus  s igna l  t o  be prov ided t o  the  GNC. 
(a) A l l  p r o p e l l a n t  valves must be closed. 
(h) Hydrau l ic  system pressure must be w i t h i n  t h e  same 
to le rance band as requ i red  du r ing  checkout. 
( c )  P rope l l an t  i n l e t  cond i t i ons  v e r i f i e d  per  Tahle X I V  as 
c o r r e c t  cont inuous ly  f o r  prev ious th ree  minutes. 
(d )  C o n t r o l l e r  s e l f  t e s t  c o n d i t i o n  s a t i s f a c t o r y .  I 
(e) Thrus t  Level and l l i x t u r e  R a t i o  commands have been i 
received. I 
( f )  There are  no I responses as de f ined i n  Table X I 1  i n  I 
e f f e c t .  I 
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valves and an Engine L i m i t  Exceeded i n d i - c a t i o n  v i a  the  Engine Status Word i s  1 
rece ived from the  L i m i t  Mon i to r ing  Funct iona l  Element as descr ibed i n  " L i m i t  I 
Shutdown Fon i to r i ng " .  S p e c i f i c  cases where L i m i t  Shutdown cond i t i ons  e x i s t  
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The Engine Ready s t a t u s  s h a l l  be negated (Engine Status 
Word s e t  t o  Purge Sequence No. 4 )  i f  system cond i t i ons  cease t o  s a t i s f y  Engine 
Ready requirements any t ime n r i o r  t o  S t a r t  command. 
Power Ranpe Contro l  ~ u n c t i o n a l  Element - Th is  f u n c t i o n a l  
element conta ins  the sequ.entia1 and performance c o n t r o l  l o g i c  necessary f o r  
opera t ion  o f  the  Space S h u t t l e  Vain Engine du r ing  the S t a r t ,  Mainstage, and 
Shutdown Phases o f  ooera t ion .  
S t a r t  Seauencing - S t a r t  Seouencing s h a l l  he i n i t i a t e d  upon 
r e c e i p t  and v a l i d a t i o n  o f  a  S t a r t  comnand f rom GNC. I n i t i a t i o n  of t h i s  
sequence coinc ides w i t h  the beginning o f  the  S t a r t  Phase o f  engine opera t ion .  
Operations performed as p a r t  o f  the s t a r t  sequence are  de f ined i n  Table XV.  
Shutdown Sequencing - Shutdown sequencing s h a l l  be i n i t i a t e d  
upon r e c e i p t  and v a l i d a t i o n  o f  a  Shutdown command from the  GNC o r  upon c o n t r o l l e r  
der ived l i m i t  shutdovrn comnands. Program l o g i c  s h a l l  p rov ide  f o r  engine 
shutdown from any power l e v e l .  
Normal Shutdown - A shutdown i s  normal i f  i n i t i a t e d  by a  
Shutdown command from the  GNC when engine t h r u s t  i s  between Minimum Power Level 
(NPL) and Emergency Power Level (EPL), t h e  t h r u s t  and m ix tu re  r a t i o  c o n t r o l  
loops a r e  ac t i ve ,  and no engine f a i l u r e  cond i t i ons  e x i s t  which cou ld  i n t e r f e r e  
w i t h  t h e  sequence. The sequence f o r  such a  normal shutdown s h a l l  be as 
de f ined i n  Table X V I .  
L i m i t  Shutdovn - L i m i t  Shutdown o f  the engine s h a l l  be 
i n i t i a t e d  when hyd rau l i c  ac tua t i on  c o n t r o l s  a r e  f u n c t i o n a l  f o r  the  p r o p e l l a n t  
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a r e  i nd i ca ted  by the S responses i n  Table X I I .  Dur ing  S t a r t  a f t e r  i s n i t i o n  has 
been conf irmed (see Table XV) and du r ino  Mainstage, the  L i m i t  Cont ro l  Enable 
command must be i n  e f f e c t  be fore  L i m i t  Shutdown i s  i n i t i a t e d .  I f  the  L i m i t  
Contro l  I n h i b i t  command i s  i n  e f f e c t  f o r  these phases, the  L i m i t  Shutdown 
DATE 6/23/73 : 
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Logic s h a l l  no t  cause an engine shutdown. 
I f  the  t h r u s t  re fe rence i s  g rea te r  than MPL, then the  L i m i t  
Shutdown sequence s h a l l  be i n i t i a t e d  a t  the  beginning o f  P a r t  P, o f  Table X V I .  
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
, , BINQIAMTON. NEW YORK 
I f  the  t h r u s t  re fe rence i s  l ess  than o r  equal t o  MPL then t h e  L i m i t  Shutdown 
sequence s h a l l  be i n i t i a t e d  a t  t h e  beginning o f  P a r t  B of Table X V I .  
PAGE N0.4.3-73 
- 
REP. NO. 
Emergency Pneumatic Shutdown - Emergency Pneumatic Shutdown' 
s h a l l  be i n i t i a t e d  when any one o f  the  f o l l o w i n a  cond i t i ons  i s  v e r i f i e d  th ree  
successive t imes f o r  each measurement channel. 
(a )  F a i l u r e  o f  h y d r a u l i c  a c t u a t i o n  c o n t r o l s  t o  any p r o p e l l a n t  
va lve  as i nd i ca ted  by t h e  f a i l u r e  o f  hoth ac tua to r  channels. 
(b )  F a i l u r e  o f  two o r  m r e  channels o f  a t r i p l e  redundant 
sensor. 
( c )  E l e c t r i c a l  power has been l o s t  and then recovered a f t e r  
a 50 (p lus 20, minus 0) m i l l i s e c o n d  oer iod  and a l l  p r o p e l l a n t  valves have n o t  
reached c losed a t  the t ime o f  Dower recovery. 
Pnelmatic Shutdown w i l l  a l s o  be the  r e s u l t  o f  power l o s s  
t o  so leno id  and torque motor c o i l s  when both channels o f  the c o n t r o l l e r  o r  400 
Hz Power Bus f a i l .  S p e c i f i c  cases where Pneumatic Shutdown cond i t i ons  e x i s t  a r e  
i n d i c a t e d  by PS responses i n  Table X I I .  
DATE 6/23/73 
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Pneumatic Shutdown s h a l l  be i n i t i a t e d  b y  de-energizing the 
f a i l - s a f e  c o i l s  o f  a l l  ac tua tors  and the Emergency Shutdown Contro l  Valve C o i l .  
The Engine Status \ lord s h a l l  be changed t o  i n d i c a t e  the  Fa i l -Sa fe  Pneumatic 
mode o f  the  Shutdown phase and t o  i n d i c a t e  Comoonent Fa i l ed .  
When a1 1 p r o p e l l a n t  valves reach the  c losed p o s i t i o n ,  t h e  
shutdown sequence then cont inues a t  the  beginning of Pa r t  C o f  Table X V I .  
Mhen both  L i m i t  Shutdown and Pneumatic Shutdown cond i t i ons  
e x i s t  concur ren t ly ,  Pneumatic Shutdown s h a l l  have precedence. The L i m i t  Cont ro l  
I n h i b i t  command s h a l l  n o t  orevent  Pneumatic Shutdown o f  the  engine. 
Performance Contro l  Requirements - The Power Range Contro l  
Funct iona l  Element s h a l l  con ta in  the  c o n t r o l  l o g i c  necessary f o r  the  Space 
S h u t t l e  Main Enqine system t o  s a t i s f y  the  performance c o n t r o l  c r i t e r i a  s e t  
f o r t h  i n  RC1007. 
Temoerature L i m i t  Cont ro l  - The High Pressure Ox id i ze r  
Turbopump (HPOT) and High Pressure Fuel Turbopuma (HPFT) Turbine Discharge 
Temperatures s h a l l  be monitored f o r  Temperature L i m i t  Cont ro l  i n  accordance 
w i t h  RC1007 and the  requirements s t a t e d  herewi th.  The Tem~era tu re  L i m i t  
Cont ro l  s h a l l  be enabled when (a)  the  engine i s  i n  the  S t a r t  o r  Hainstage 
phase o f  operat ion,  (b )  the L i m i t  Contro l  Enable command has been rece ived 
from t h e  veh ic le  and i s  i n  e f f e c t  and (c )  i g n i t i o n  has heen confirmed. The 
Engine Status Word s h a l l  be changed t o  i n d i c a t e  the  Thrust  L i m i t i n g  mode wben 
the Temperature L i m i t  Contro l  has heen enabled and one o f  t h e  f o l l o w i n g  
cond i t i ons  e x i s t s  : 1 
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( a )  Both measurements channels of a Temperature Limit 
control sensor indicate operation outside the l im i t s  and conditions specif ied 
i n  Table I .  
(b )  Thrust i s  otherwise being l imited by the Temperature 
Limit Control. 
If both measurement channels of a Temnerature Limit Control 
sensor have passed reasonableness t e s t s  b u t  f a i l ed  the comparison t e s t s ,  the 
lower indicated temperature shal l  be used fo r  Temperature Limit Control. The 
Temperature Limit Control shal l  be deactivated upon i n i t i a t i o n  of the  Shutdown 
phase, or  when the Limit Control Inhibi t  command i s  in  e f f ec t .  
Chamber Coolant Valve Posit ion Scheduling - The CCV posit ion 
shal l  be scheduled as a function of engine t h rus t  reference when the  th rus t  
reference i s  a t  o r  above the PPL level .  Valve actuator  posit ion sha l l  be 
scheduled l inear ly  with t h rus t  reference so as t o  be 30 oercent open a t  MPL 
and f u l l  open a t  NPL.  The CCV sha l l  be f u l l  open a t  th rus t  reference levels  
above MPL. 
Main Oxidizer Valve Position Schedulinq - The VOV posit ion 
shal l  be scheduled as a function of cornouted engine t h rus t  a f t e r  CPL has f i r s t  
been attained a t  engine s t a r t .  Valve actuator posit ion shal l  be scheduled 
l inear ly  w i t h  th rus t  so a s  t o  be f u l l  open a t  NPL and (TBD) percent open a t  MPL. 
The MOV shal l  be f u l l  open a t  th rus t  levels  above NPL. 
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Main Fuel Valve P o s i t i o n  Schedul ing - The MFV a o s i t i o n  
s h a l l  be scheduled as a  f u n c t i o n  o f  computed engine t h r u s t  a f t e r  NPL has 
f i r s t  been a t t a i n e d  a t  enoine s t a r t .  Valve a c t u a t o r  p o s i t i o n  s h a l l  be scheduled 
l i n e a r l y  w i t h  t h r u s t  so as t o  be f u l l  open a t  NPL and 62 percent  ooen a t  PPL. 
The MFV s h a l l  be f u l l  open a t  t h r u s t  l e v e l s  above PIPL. 
Post-Shutdown Cont ro l  Func t iona l  Element - This  f u n c t i o n a l  
element conta ins the l o g i c  f o r  engine c o n t r o l  d u r i n g  the  Post Shutdown phase 
of engine opera t ion .  Execut ive, C o n t r o l l e r  Se l f -Tes t ,  Sensor Data Processing 
and GNC Data Processing Func t iona l  Element onera t ions  a p p l i c a b l e  t o  Post 
Shutdown s h a l l  be cont inuous ly  a c t i v e  du r i ng  t h i s  phase. Requirement f o r  each 
o f  t he  th ree  modes o f  ope ra t i on  are def ined i n  t he  f o l l o w i n g  suboaragraphs. 
The Emergency Shutdown Contro l  Valve s h a l l  remain de-energized du r i ng  a l l  modes 
of Post Shutdown except f o r  t he  Abor t  Turnaround modes. 
Standbv - The Post Shutdown Func t iona l  Element s h a l l  
a u t o m a t i c a l l y  begin ope ra t i on  i n  t h i s  mode. This  mode o f  oep ra t i on  i s  t he  
normal s t a t u s  f o r  c o n t r o l  ope ra t i on  a t  t he  complet ion o f  shutdovrn. 
P r o p e l l a n t  Dump - Th is  mode o f  Post Shutdown ope ra t i on  
s h a l l  be i n i t i a t e d  upon v e h i c l e  command if t h e  preceding shutdown was no t  caused 
by a  f a i l u r e  o f  t he  MFV o r  MOV ac tua tor .  The sequence i s  always i n i t i a t e d  
from the  Standby Mode o f  t he  Post Shutdown Phase. Veh ic le  commands requ i red  
f o r  t h i s  mode o f  ope ra t i on  and the sequence i n  which they a re  normal ly  rece ived 
are: Ox id i ze r  Dumo, Fuel Dump, and Terminate P r o p e l l a n t  Dump. Th i s  seauence i 
may be mod i f i ed  by a  Terminate P r o p e l l a n t  Dump command used t o  te rmina te  an 
o x i d i z e r  dump. i 
I 
- 
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Ox id izer  i s  always dumped before  f u e l ,  o n l y  one main valve may 
be open a t  any t ime,  and a  f u e l  dump must always be preceded hy a 1D second 
fue l  system purqe. The sequence and t i m i n g  f o r  t h i s  mode i s  de f i ned  i n  
Table X V I I .  P a r t  A o f  the  sequence, o x i d i z e r  dumping, i s  i n i t i a t e d  by r e c e i p t  
o f  an Ox id i ze r  Dump command. P a r t  B o f  the sequence, f u e l  dumping, i s  
i n i t i a t e d  by a  Fuel Dum~ command which a l s o  terminated Par t  A o f  t h e  sequence. 
P a r t  C of the sequence, p r o p e l l a n t  dumo te rminat ion ,  i s  i n i t i a t e d  ky a  Terminate 
P r o p e l l a n t  Dump command which s h a l l  t e rm ina te  o x i d i z e r  dump o r  d u ~ l  dump a t  any 
p o i n t  i n  t h e  sequence. 
Abor t  Turnaround - This mode o f  Post  Shutdown o ~ e r a t i o n  
s h a l l  c o n t r o l  system puroes and p r o p e l l a n t  c o n d i t i o n i n g  du r ing  p repa ra t i on  f o r  
engine s t a r t  a f t e r  an abor t .  I t  s h a l l  be i n i t i a t e d  upon veh ic le  command i f  
the  preceding shutdown was n o t  caused by an engine mal func t ion .  The sequence 
must always be i n i t i a t e d  from t h e  Standby bode o f  the  Post Shutdorln Phase. 
Veh ic le  commands requ i red  f o r  t h i s  mode o f  ope ra t i on  and the sequence i n  which 
they must be received are  Abort  Turnaround Sequence No. 1  and Abor t  Turnaround 
Sequence No. 2. 
Abor t  Turnaround Seouenc~ No. 1  ( I n i t i a t i o n  o f  Gaseous 
N i t roqen ( G N 2 ) ,  Fuel System, and In te rmed ia te  Seal Puraes) - The operat ions 
associated w i t h  t h i s  sequence are  i n t i a t e d  a f t e r  v a l i d a t i o n  o f  an Abor t  Turn- 
around Sequence No. 1  c o n a n d  f rom the GE!C. The sequence cont inues u n t i l  
a  new v a l i d  command i s  rece ived from the  veh ic le .  Operations o f  t h i s  sequence 
a r e  de f ined i n  Table X V I I I ,  P a r t  A. I 
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Abor t  Turnaround Sequence No. 2 (P rooe l l an t  C e c i r c u l a t i o n )  - 
Veh ic le  commands f o r  i n i t i a t i o n  o f  t h i s  seauence s h a l l  n o t  be accepted unless 
ATE 6/23/73 
EV.  
the  operat ions o f  Seauence Elo. 1  have been accomplished and a t  l e a s t  2  minutes 
have elapsed s ince  i n i t i a t i o n  o f  Seauence No. 1. A f t e r  r e c e i p t  and v a l i d a t i o n  
o f  an Abor t  Turnaround Sequence No. 2 Command f rom the  veh ic le ,  the  operat ions 
o f  Table X V I I I ,  P a r t  B s h a l l  be performed. 
L i m i t  Mon i to r i nq  Funct iona l  Element - This f u n c t i o n a l  element 
s h a l l  check engine l i m i t  shutdown parameters and a c t u a t o r  p o s i t i o n  e r r o r s  f o r  
t h e i r  values r e l a t i v e  t o  s p e c i f i e d  l i m i t s  which a r e  a  f u n c t i o n  o f  t h e  opera t ing  
i n f o r m a t i o n  s h a l l  be updated and e i t h e r  sw i t ch ina  t o  cont inued ope ra t i on  on 
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a redundant channel, o r  enaine shutdown i n t i a t e d  i n  accordance w i t h  "Mal func t ion  
Response". 
Ac tua tor  P o s i t i o n  E r r o r  M o n i t o r i n q  - This f u n c t i o n  s h a l l  
be performed dur ing  a l l  phases o f  engine opera t ion .  The computer produced 
p o s i t i o n  reference s igna l  f o r  each ac tua tor  channel s h a l l  be compared w i t h  i t s  
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corresponding ac tua tor  channel p o s i t i o n  i n d i c a t i o n  t o  o b t a i n  an i n d i c a t e d  
p o s i t i o n  e r r o r .  I f  excessive p o s i t i o n  e r r o r  i s  conf irmed w i t h  t h r e e  successive 
samples, t h e  c o n t r o l l e r  s h a l l  respond i n  accordance w i t h  the  c o r r e c t i v e  a c t i o n  
s p e c i f i e d  f o r  servovalve channel f a i l u r e .  If t h e  servo pos i t i oned  ac tua to r  
has been commanded and reached f u l l  open o r  closed, then a  p o s i t i o n  e r r o r  
g r e a t e r  than 2 percent  on bo th  channels s h a l l  cause swt ich ing .  
L i m i t  Shutdown Moni to r ina  - Engine parameters s h a l l  be 
rnoni t o red  t o  determine cond i t i ons  f o r  L i m i t  Shutdown i n  accordance w i t h  RC1007 
and the  f o l l o w i n g  subparagravhs. For cond i t i ons  which cause Pneumatic Shutdown 
r e f e r  t o  "Emergency Pneumatic Shutdown". 
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S t a r t  Trans ien t  Parameter M o n i t o r i n q  - The Main 
Combustion Chamber Pressure s h a l l  be monitored du r ing  S t a r t ,  a f t e r  i g n i t i o n  has 
been confirmed, t o  v e r i f y  t h a t  the  pressure remains w i t h i n  the  s p e c i f i e d  l i m i t s  
as a f u n c t i o n  o f  t ime. Three successive o u t  o f  l i m i t  pressure i n d i c a t i o n s  
s h a l l  cause Engine L i m i t  Exceeded t o  he i n d i c a t e d  by t h e  Engine Status Word, 
t h e  f a i l u r e  i d e n t i f i c a t i o n  word t o  be s e t  t o  121 and L i m i t  Shutdown i n i t i a t e d  
i n  accordance w i t h  " L i m i t  Shutdown". 
L i m i t  Shutdown Parameter Ffoni t o r i n g  - Engine l i m i t  
Exceeded s h a l l  be i n d i c a t e d  by the  Engine Status Word and L i m i t  Shutdown 
i n i t i a t e d  i n  accordance w i t h  " L i m i t  Shutdorrn" i f  e i t h e r  o f  t h e  f o l l o w i n g  
cond i t i ons  have been v e r i f i e d  th ree  successive t imes f o r  each measuremept 
channel. 
(a) When a l l  measurement channels, which have passed 
sensor reasonableness t e s t s ,  f o r  an engine l i m i  t parameter i n d i c a t e  ope ra t i on  
ou ts ide  t h e  engine l i m i t s  and cond i t i ons  imposed by Table 11, t h e  f a i l u r e  
i d e n t i f i c a t i o n  word s h a l l  be s e t  t o  i n d i c a t e  one o f  the "ou t  o f  l i m i t s "  
f a i l u r e  modes. 
(b) When both measurement channels o f  a dual redundant 
sensor used f o r  Engine L i m i t  Shutdown Contro l  f a i l  t o  pass reasonableness 
tes ts ,  the  f a i l u r e  i d e n t i f i c a t i o n  word s h a l l  be s e t  t o  i n d i c a t e  t h a t  one o f  the  
sensor channels has f a i l e d .  
Sensor Data Processino Funct ional  Element - This f u n c t i o n a l  
- 
element conta ins the l o g i c  f o r  sensor data sca l ing ,  t e s t s ,  and performance 
parameter ca l  cual t i o n s  . 
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Types o f  Sensor Data Processinq - Sensor data processing 
s h a l l  depend upon the  a p p l i c a t i o n  o f  the measured data. 
Oata S c a l i n g -  Raw data from a l l  sensors s h a l l  be scaled 
t o  accommodate sensor c a l i b r a t i o n  curve c h a r a c t e r i s t i c s  and o b t a i n  measured 
parameter values f o r  use i n  c o n t r o l l e r  c a l c u a l t i o n s  and maintenance record ing.  
The c o e f f i c i e n t s  o f  these eouat ions s h a l l  be data constants i n  the program 
which can be changed when sensors are replaced i n  t h e  engine system. Raw 
data f rom non-redundant sensors s h a l l  n o t  be scaled. 
Sensor Data Reasonableness Tests - A f t e r  data sca l ing ,  
reasonableness t e s t s  s h a l l  be performed on data  from s p e c i f i e d  sensors. Data 
from sensors f a i l i n g  t h i s  t e s t  s h a l l  n o t  be used i n  c o n t r o l l e r  performance 
ca l cua l t i ons .  I f  a measurement f a i l s  the reasonableness t e s t  t h ree  successive 
t imes i t  s h a l l  be cont inuous ly  r e j e c t e d  u n t i l  a C o n t r o l l e r  Reset command i s  
received and implemented. 
Comparison Tests - Comnarison t e s t s  s h a l l  be performed 
on s p e c i f i e d  dual and t r i p l e  redundant measurements. I f  one measurement 
channel o f  a t r i p l e  redundant sensor f a i l s  the  comoarison t e s t s  th ree  - 
successive t imes, t h a t  channel s h a l l  be cont inuous ly  r e j e c t e d  u n t i l  a 
C o n t r o l l e r  Reset command i s  rece ived and implemented. 
GNC Data Processinq Funct iona l  Element - This f u n c t i o n a l  
element s h a l l  process engine s ta tus ,  performance and maintenance t rend  data 
t o  the proper  format requ i red  f o r  t ransmiss ion  t o  the  GNC/Engine In te r face .  
Data and command word format a re  de f i ned  i n  Tahle V I I .  I 
Data Base - Parameter measurements, sensor ranges, u n i t s  of  
measure which s h a l l  be accnmodated by the C o n t r o l l e r  Program are de f i ned  
i n  RC1007 and Tables I X ,  I ,  and V I .  
I 
I 
r 
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4.3.2.2 React ion Cont ro l  Subsystem 
The React ion Cont ro l  Subsystem can be s imulated by d i v i d i n g  the  system i n t o  
f o u r  bas i c  areas o f  equat ions. F igure  4.3.2.2 shows the  f o u r  equat ion groups and 
the  general i n t e r f a c e  requirements. Because o f  the f a s t  response r a t e  o f  
the  r e a l  wor ld  system, the  s imu la t i on  i s  approached f o r  t h r u s t  from the  equ iva len t  
engineer ing parameter o f  t o t a l  impulse. The he l ium p r e s s u r i z a t i o n  equat ions are  
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The he l ium p r e s s u r i z a t i o n  equations w i l l  use t h e  EPS power a v a i l a b l e  
booleans and the crew s t a t i o n  sw i t ch  and c i r c u i t  breaker  s t a t e  t o  d e r i v e  t h e  
va l ve  s ta te .  Primary he l ium storage tank pressure and mass i s  ca l cu la ted  from 
he l ium usage. He1 ium usage i s  based on RCS f u e l  remaining i n  the  tank. 
Hel ium pressure on the  b ladder hydrazine tank i s  ca l cu la ted  as dependent on the  
he l ium r e g u l a t i o n  supply. 
The hydrazine f u e l  equat ions p rov ide  t h e  c a l c u l a t i o n s  f o r  t h e  f u e l  
remaining i n  the  tank. Fuel usage w i l l  be c a l c u l a t e d  by the t h r u s t  equat ions. 
A f u e l  a v a i l a b l e  and pressur ized boolean w i l l  be generated f o r  t h e  t h r u s t  
equat ions. 
I 
The t h r u s t  and f o r c e  equat ions w i l l  c a l c u l a t e  the  t o t a l  impulse o f  the  1 
I 
RCS j e t s  as they f i r e .  An i n t e r f a c e  program w i t h  t h e  G, N and C computer w i l l  p ro-  
v ide  t h e  t h r u s t  equat ions w i t h  booleans f o r  f i r i n g  t h e  j e t s  and a l e n g t h  o f  t ime i 
f i r e d  parameter. These cond i t ions ,  a long w i t h  e l e c t r i c a l  power f o r  t h e  c a t a l y t i c  i I. 
I hea te r  through switches and c i r c u i t  breakers, w i l l  be used t o  computer the  t o t a l  I 
impulse o f  each j e t  s i nce  t h e  l a s t  computer c y c l e  th rough t h i s  program. The i 
e l e c t r i c a l  load f o r  the  c a t a l y t i c  heater  w i l l  be c a l c u l a t e d  f o r  t h e  EPS program 
and the  t o t a l  impulse w i l l  be generated f o r  t h e  EOM program. The computed 
impulse w i l l  take i n t o  account t h e  l oss  o f  e f f i c i e n c y  as the  r e s u l t  o f  
atmospheric pressure. 
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The instrumentation and signal conditioning equations will  accept 
parameters simulating the actual system s t a t e  and condition these parameters 
using sensor and display logic booleans from the Electrical  Power Subsystem 
f o r  crew s ta t ion  display, for  i n p u t  t o  the Caution and Warning Subsystem, o r  
for  input to  the Telemetry Subsystem Multiplexer Program. The equations will be 
repeated for  each reaction control system u n i t ,  e i t he r  by progrannied 
loops or  by repe t i t ive  equations whichever requires the l e a s t  amount of 
computer time and core. Required malfunctions for  the RCS simulation 
a r e  t o  be designed into the simulation f o r  minimum computer impact. 
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4.3.2.2 Reaction Control Subsystem 
GNBC Conputer 
EPS 
.CRW Station 
Crew Station 
EPS 
EPS 
C/W 
EON 
Booleans  
P w r  Avail 
Switches 
C B ~  
V W  
Crew Stat ion 
TIM 
Thrust Force Equations 
I . f(tll.PH.tF) 
v, = f ( l . tF)  
Impulse 
Fuel 
Avail 
Fuel 
Used 
w 
Fuel Equations 
9, = QF-QC 
Fuel Remainina 
4 
lns t rumnta t ion  
and Signal Fuel Pmaininq 
Condltiontng b 
Equations 
b 
Swi tcher 
CB's 
Pnrur A v a i l  
Power Avail 
Sensor Parer Avai l  
Helium Pressurization 
Equations 
YH - vT-vF 
MH = PHVH/RTn 
MHp= No-MH 
Pun= HHpRTHp/Vllp 
He Tank Pressure 
Fuel Tank Pressure 
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Where: "H = Volume o f  Helium 
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VF = Volume o f  f u e l  
M,, = Mass o f  hel ium 
PH = Pressure o f  he l ium 
TH = Temperature o f  he l ium 
R = Universal  gas constant  
MHP = Mass o f  hel ium i n  h igh  pressure tank 
Mo = O r i g i n a l  mass o f  he l ium i n  h igh  pressure tank 
PHP = Pressure o f  hel ium i n  h igh  pressure tank 
THP = Temperature o f  he l ium i n  h igh  pressure tank 
VHP = Volume o f  hel ium i n  h igh  pressure tank 
QF = Q u a n t i t y  o f  f u e l  
QC = Q u a n t i t y  o f  f u e l  consumed 
I = Impulse f o r c e  o f  engine 
.' 
tF = F i r i n g  du ra t i on  per  i t e r a t i o n  
t,, = Temperature of r e a c t i o n  p l a t e  
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4 . 3 . 2 . 3  Orbital Maneuvering Subsystem 
The simulation of the  Orbital Maneuvering Subsystem may be approached by 
a combination of logical equations, functional representative equations, and 
exp l i c i t  engineering equations. Crew displays are  provided f o r  f u e l ,  oxidizer,  
heliun, and engine chamber pressure, and f o r  oxidizer and fuel quanti ty.  
Refer t o  Figure 4 . 3 . 2 . 3 .  
The helium pressurization equations will  use the EPS power avai lable  
boaleans and the crew s ta t ion  switch and c i r c u i t  breaker s t a t e  to  derive the 
valve s t a t e  of the helium system. Primary helium storage tank pressure and 
mass i s  calculated from helium usage. Helium usage i s  based on the amount of 
propellants l e f t  in  the  oxidizer and fuel tanks. Helium pressure on the fuel 
and oxidizer i s  calculated as  dependent on the heliun regulation supply. 
The fuel supply equations provide the calculat ions  f o r  the fuel 
quanti ty remaining i n  the tank. Fuel usage will be calculated by the th rus t  
equations. A fuel avai lable  and pressurized boolean will be generated f o r  
the  t h rus t  equations. 
The oxidizer supply equations perform the same basic function as the 
fuel equations - calculat ion of oxidizer quanti ty,  oxidizer avai lable  and _ 
pressurized. Oxidizer usage wil l  be calculated by the th rus t  equations. 
The thrust  calculat ions  a r e  t o  compute the impulse of the engines 
during the tirile period from the  l a s t  i t e r a t i on  t o  the  present i t e r a t i on .  This 
par t icular  method will allow simulation of the  correct  impulse during both 
s tar t -up and engine shut-down t ransients .  The impulse from the engine will  
r e f l e c t  the fuel and oxidizer pressure and the mixture r a t i o  corrected by 
atmospheric pressure. 
Figure 4.3.2.3 - Orbi ta l  Maneuvering ~ys tdm Date 6/23/73 
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Chamber pressure w i l l  be c a l c u l a t e d  f o r  d i s p l a y  purposes f rom t h e  
computed impulse fo rce .  
The ins t rumenta t ion  and s i g n a l  c o n d i t i o n i n g  equat ions w i l l  accept 
parameters s imu la t i ng  t h e  ac tua l  system s t a t e  and c o n d i t i o n  these parameters 
us ing  sensor and d i s p l a y  l o g i c  booleans f rom t h e  E l e c t r i c a l  Power Subsystem f o r  
crew s t a t i o n  d i sp lay ,  f o r  i n p u t  t o  the Caution and Warning subsystem, o r  f o r  
i n p u t  t o  t h e  Telemetry Subsystem M u l t i p l e x e r  Program. The equat ions w i l l  be 
repeated f o r  each O r b i t a l  Maneuvering system u n i t ,  e i t h e r  by programmed loops 
o r  by r e p e t i t i v e  equat ions, whichever r e q u i r e s  t h e  l e a s t  amount o f  computer t ime 
and core. Required mal func t ions  f o r  t h e  OMS s i m u l a t i o n  a r e  t o  be designed i n t o  
t h e  s i m u l a t i o n  f o r  minimum computer impact. 
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4.3.2.4 Air Breathinq Engine System 
The Air Breathing Engines of the shut t le  vehicle are  to  be simulated 
using a closed-loop dynamic functional math model. The fundamental overview 
of the engine shows fuel management, crew displays,  t h r o t t l e  control ,  and thrust  
as  the primary system functions. 
The t h r o t t l e  i s  the primary input to  the fuel control system. In 
addition the fuel flow resnonds t o  the high pressure compressor rotor speed 
and discharge pressure, the  low pressure compressor i n l e t  a i r  temperature and 
pressure, and the internal burner pressure. 
The engine i n l e t  a i r  temperature i s  a function of the ambient a i r  tempera- 
tu re  and the ram a i r  e f f ec t s  from a i r c r a f t  speed. The i n l e t  pressure i s  a lso 
dependent on ambient a i r  pressures and the ram a i r  e f f e c t s .  
The airflow of the compressors i s  a function of the i n l e t  conditions as 
well as the rotor speed and ducting losses.  
The burner o u t l e t  pressure and temperaturq are  functions of the high 
pressure compressor ou t l e t  pressure, fuel flow, airflow through the compressor, 
and a i r  bleed losses.  The turbine rotor speed i s  a function of burner ou t l e t  
pressure, engine intake pressure,  and power losses internal to  the-engine.  ' 
The thrust  force i s  the  reaction to e j e c t  the exhaust gas. The e x i t  
velocity i s  dependent on the burner ou t l e t  conditions,  r a t e  of mass flou through 
the burner, and the turbine rotor  speed. 
A generalized diagram of the functional relationships of the engine system 
i s  shown i n  Figure 4.3.2.4. 
Ground s t a r t ,  ram a i r  s t a r t ,  and rundown a re  to  be simulated using per- 
formance data from t e s t s .  Malfunctions (or  ins t ruc tor  control features)  will 
be provided to simulate hot s t a r t  and slow s t a r t .  
PAGE N O .  4.3-88 
REP. N O .  
DATE 6/23/73 
R E V .  
- 
THE S I N G E R  COMPANY 
S I M U L A T I O N  PRODUCTS D I V I S I O N  
2 .  
a : 
B I N G H M C N .  NEW YORK 
C m  
Stat ion 
Caution 
and 
Warning 
DATE 6/23/73 
REV. 
Ins t rumenta t ion  and s igna l  c o n d i t i o n i n g  w i l l  be accompl ished t o  the 
s imulated parameters p r i o r  t o  d i s p l a y  t o  the crew members. The parameters 
w i l l  be cond i t ioned us ing  sensor and d i s p l a y  booleans from t h e  E l e c t r i c a l  
Power Subsystem f o r  crew s t a t i o n  d i sp lay ,  i n p u t  t o  t h e  Caution and Warning Subsystem, 
and i n p u t  t o  t h e  Telemetry Subsystem M u l t i p l e x e r  System. 
The equat ions o f  the  A i r  Breath ing  Engine Subsystem w i l l  be repeated for 
each engine, tank, and t h r o t t l e  system e i t h e r  by programmed loops o r  by r e p e t i -  
t i v e  equat ions. Required mal func t ions  o f  the  system w i l l  be desiqned i n t o  the  
s imu la t i on  model f o r  minimum computer impact. 
The i n l e t  atmospheric cond i t i ons  and ram a i r  e f f e c t s  a r e  t o  be s imulated 
by the  f o l l o w i n g  general equations: 
1 ) I dea l  ram pressure: 
- P ~ z l  - f ( p ~ i ~ ,  M ~ ~ ~ )  
NR = f (Mach AOA) 
2) Compressor face pressure 
' ~ 2  = f ( N ~ , P ~ 2 1  ) 
3) Pressure c o r r e c t i o n  f a c t o r  
6T2 = K . PT2 
4 )  Temperature c o r r e c t i o n  f a c t o r  
0 ~ 2  = T ~ ~ / T ~ ~  
The speed/fuel c o n t r o l  e f f e c t s  a r e  g iven by: 
5 )  Contro l  reference speed 
N~~ = f (  ' T H R , ~ T ~ ,  TT2, Mach) 
6) Acce le ra t i on  Schedule 
' ~ / ' ~ A c c  = f (N2 ,T~2 ,  6 ~ ~ ~ )  
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7) Fuel Meter ing 
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8) Metered f u e l  f l o w  
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o r  
' fm = (Wf/Pb*PBX* GFEsc 
9)  Engine f u n c t i o n  
K~ = fCN2,Pb,T~2,(Wfm-Wfss) l  
10) E l e c t r o n i c  Contro l  
Gwfesc = ~(FTIT - FTIT) 
' V ~ G V  = FAN - f(N1) 
11 ) Rotor Acce lera t ion  
i2 = f[(Wfm-Wfss)>KT1 
12) Rotor Speed 
N2 = N2dt 
The o i l  pressure of the  engine i s  a f u n c t i o n  o f  t h e  r o t o r  speed and 
BINGHAMTCN. NEW YORK 
temperature. 
13) O i l  Pressure 
O.P. = f(N2,TT2) 
The f u e l  management w i l l  be c a l c u l a t e d  from f u e l  usage. 
14) Fuel Q u a n t i t y  
W =W -W f f fm 
REP. NO. 
The engine parameters are  c a l c u l a t e d  by t h e  f o l l o w i n g  general eauat ions: 
15) Engine pressure r a t i o  
EPR = f(N2 MACH, 6BL, G ~ ~ ~ ~ )  
16) Engine Burner Pressure 
I 
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17) Low Pressure Rotor Speed 
N1 = f(EPR,MACH, 6BL, F2) 
18) Fan Turb ine i n l e t  temperature 
FTIT = f(EPR,MACH 6BL) 
19)  Steady S t a t e  f u e l  f l o w  
Wfss  = f(EPR, I.IACH, 6BL , 6T'2, G) 
20) Bleed A i r  
6 - 6 ) BL - f (  'A/c, A/I  
The t h r u s t  f o r c e  i s  then c a l c u l a t e d  by: 
21) Nozzle Pressure 
PNOZ = f (EPR,MACH, PBL,PAMB) 
22) Net Propu ls ive  Thrus t  
w 1 F ~ ' f  ( P ~ o ~ ,  FM 
Fo l low ing  these looped equat ions f o r  t he  f o u r  engines, t h e  parameters 
would then be cond i t i oned  f o r  t r a n s f e r  t o  d i sp lays  o r  o t h e r  so f twa re  programs 
such as Caut ion and Warning o r  Telemetry.  
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Aircraft  angle of  a t tack 
Engine pressure r a t i o  
Engine th rus t  
Fan turbine in1 e t  temperature 
Burner cutback constant 
Engine time constant coef f ic ien t  
Mach number 
Control reference speed 
High-pressure rotor acceleration 
High-pressure rotor speed . 
Engine oi  1 pressure 
Ambient pressure 
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Engine burner pressure 
Control reference hurner pressure 
Convergent nozzle to ta l  pressure 
Compressor face to ta l  pressure 
Ideal compressor face to ta l  pressure 
Sea level ambient temperature 
Compressor face  to ta l  temperature 
gas generator metered fuel flow 
Gas generator steady s t a t e  fuel flow 
Total fuel flow 
Fuel flow meterlng parameter 
Variable compressor geometry e f f e c t  
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&A/ I A n t i - i c e  b leed l o a d  
%L To ta l  b leed l o a d  increment 
%HR T h r o t t l e  angle 
'T 2 To ta l  compressor i n l e t  pressure r a t i o  
9 2 To ta l  comoressor i n l e t  temperature r a t i o  
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4.3.2.5 Sol id Rocket Motor Subsystem 
The Solid Rocket Flotor System wi l l  be simulated by use of performance 
data tables .  The data t ha t  must be matched most closely i s  from the reference 
t ra jec tory  data. The method requiring the l e a s t  amount of computer time w i t h  a 
h i g h  accuracy i s  a table  look-up and interpolat ion between points of the  t ab l e  f o r  
immediate time values. The suogested tab le  will  be composed of th rus t ,  mass, mass 
position, and moment of i ne r t i a l  data stored a t  f ixed time intervals .  The time 
I 
re la ted parameters will be based on time from SRM ignit ion.  
The thrust and mass interpolat ion equations block shown in  Figure 4.3.2.5 
will perform the tab le  look-up of interpolat ion constants a~proximately once every 
second. In between tab le  values, the  program equations will covoute interim 
parameter values. The computer parameters wi 11 be modified f o r  off -nominal per- 
R E V .  
formance of the two SRM engines using ins t ruc tor  entered modifiers. These 
modifiers wil l  allow the simulation t o  depict  qrain checking, sloughing, and 
contamination result ing in slow burning of propellants. The equations wil l  
generate parameters t o  simulate audio cue devices f o r  the engine sound/vihration. 
Thrust termination will  generate audio cues f o r  explosive devices and visual cues 
f o r  the  th rus t  termination ports. Thrust and mass ~arameters  will  be simulated 
BINGHAMTCN. NEW YORK REP. NO. 
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by curve f i t  equation. The equation will be modified by time s ince rocket 
igni t ion.  
The calculation of t h rus t ,  mass, moment of i n e r t i a ,  and c.g. location 
will  be accomplished by table  lookup as a function of a modifiable time base, T. 
The ins t ruc tor  will  be able t o  increase o r  decrease the  burn  time of the engine 
by modifying the  T base. 
T = f ( t ,  I c )  
and TF= f (T) 
M = f (T )  
I = f ( ~ )  
x = f (T)  
Y = f ( ~ )  
where T = r e l a t i ve  time position of t ab le  data 
t = time since igni t ion 
I,= ins t ructor  modifier 
TF= Thrust Force 
M = Mass of rocket engine 
I = Moment of i n e r t i a  of rocket engine 
X = X body position of c.g. 
Y = Y body posit ion of c.g. 
The simulation of the  sequential logic  and mechanical functions f o r  
separation will  be accomplished by log ic  equations. These equations will  take 
in to  account explosive device armament by the crew and separation cues e i t h e r  
by switch command o r  On-Board Computer inputs. 
The explosive device equations will  provide an audio cue, a cue t o  EOM 
indicating physical separation,  and a cue t o  t he  separation SRM engines t o  ign i te .  
The separa t ion  SRM equat ions w i l l  p rov ide  t h e  t h r u s t  f o rces  o f  t h e  smal l  r ocke ts  
t o  the  EOM program f o r  t h e  new " t a r g e t "  vehic les.  Once t h e  separa t ion  SRM has 
burned out ,  t h i s  program i s  no longer computed. 
The ins t rumenta t ion  and s i g n a l  c o n d i t i o n i n g  equat ions accept parameters 
s imu la t i ng  the  ac tua l  system s t a t e  and c o n d i t i o n  these parameters us ing  sensor and 
d i s p l a y  l o g i c  booleans from the  E l e c t r i c a l  Power Subsystem f o r  crew s t a t i o n  d i sp lay ,  
f o r  i n p u t  t o  t h e  Caution and Warning Subsystem, o r  f o r  i n p u t  t o  the  Telemetry 
Subsystem M u l t i p l e x e r  Program. The equat ions w i l l  be repeated f o r  each S o l i d  
' 
Rocket Motor u n i t ,  e i t h e r  by programmed loops o r  by  r e p e t i t i v e  equat ions, whichever 
requ i res  the  l e a s t  amount o f  computer t ime and core. Required mal func t ions  f o r  
the SRM s i m u l a t i o n  are t o  be designed i n t o  t h e  s i m u l a t i o n  f o r  minimum computer 
impact. 
DATE 6/23/73 
REV. 
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
BINGHMCN.  NEW YORK 6 I ,  
PAGE NO. 4-3-97 
REP. NO. 
Date 6/23/73 
Page No. 4.3-98 
4.3.2.5 So l id  Rocket Motor Subsystem 
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4.3.3 Veh ic le  Conf igura t ion  System t 
4.3.3.1 Ex terna l  Tank Subsystem 
The s i m u l a t i o n  o f  t h e  sequent ia l  l o g i c  and mechanical f unc t i ons  f o r  
Ex terna l  Tank System separa t ion  w i l l  be accomplished by l o g i c  equat ions. 
These equat ions w i l l  take  i n t o  account exp los i ve  dev ice  armament by t h e  crew 
and separa t ion  cues e i t h e r  by  swi tch  command o r  On-Boardcomputer i npu ts .  
The exp los i ve  dev ice  equations w i l l  p rov ide  an audio cue, a  cue t o  
EOM i n d i c a t i n g  phys ica l  separat ion,  and a  cue t o  t h e  r e t r o  SRM engines t o  
i g n i t e .  The r e t r o  r o c k e t  i g n i t i o n  cue w i l l  be based on the  s imulated ex te rna l  
tank  av ion i cs  s t a t e  and separa t ion  a t t i t u d e  and d i s tance  data ca l cu la ted  from 
EOM a t t i t u d e  and p o s i t i o n  data. The separat ion SRM equations w i l l  p rov ide  the  
t h r u s t  f o r c e  o f  t h e  small r o c k e t  t o  t h e  EOM program f o r  t h e  new " t a r g e t "  
veh i c le .  Once the  separa t ion  SRI.1 has burned out,  t h i s  program i s  no longer  
computed . 
The ins t rumenta t ion  and s igna l  c o n d i t i o n i n g  equat ions accept parameters 
s i m u l a t i n g  the  ac tua l  system s t a t e  and c o n d i t i o n  these parameters us ing  
sensor and d i s p l a y  l o g i c  booleans from the  E l e c t r i c a l  Power Subsystem f o r  crew 
s t a t i o n  d i sp lay ,  f o r  i n p u t  t o  t h e  Caution and Warning Subsystem, o r  f o r  i n p u t  
t o  t h e  Telemetry Subsystem M u l t i p l e x e r  Program. Required mal func t ions  f o r  the.  
s imu la t i on  are t o  be designed i n t o  t h e  s i m u l a t i o n  f o r  .minimum computer impact. 
~. 
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4.3.3.1 External Tank Subsystem 
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4.3.3.2 Landing Gear Subsystem 
The simulation of the Landing Gear Subsystem can be primarily 
considered best suited f o r  logical equation solut ions .  Logical sequential 
functions will be simulated as  t i n e  dependent parameters. The system may 
be divided into the four re la ted groups of equations a s  shown i n  
Figure 4.3.3.2. 
The equations for  gear deployment and re t rac t ion  consider ' 
e lec t r ica l  power through switches and c i r c u i t  breakers t o  the hydraulic 
servo valves used t o  unlock/lock, open/close wheel well doors, and 
raise/lower the landing gear. 'Time sequential delays will be incorporated 
in to  the equations t o  simulate the hydraulic power factor .  A low 
hydraulic power factor  will cause an increase i n  the t i ne  required f o r  
the hydraulic ac t iva tor  t o  move t o  the end position. A load parameter 
will  be generated for  the  Hydraulic Power Subsystem. Gear-up and Gear-down 
parameters will be generated for  use by other landing gear equations, 
and f o r  display in the crew s ta t ion .  Drag force cues f o r  gear and 
doors will  be calculated for  use by the Aerodynamic Forces Subsystem. 
The equations of the  landing force equations will  take in to  
i 
account the  EOM data f o r  groundspeed r a t e  of descent, position above the 
runway surface,  and vehicle a t t i t u d e  t o  ca lcu la te  the  forces a t  each 
gear for  the EOM program. Audio cues will  be generated f o r  touchdown 
of each gear. The oleo pressure and shock absorber deflection of each 
gear will be taken in to  account during landing and ro l lou t  so t ha t  the  
resul tant  position of the  vehicle above the runway i s  r e a l i s t i c .  
Steering forces f o r  deflection of the  vehicle from nose wheel 
a t t i t u d e  will be calculated for  i n p u t  t o  the EOM program. The posit ion 
! .  
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o f  t h e  nose wheel w i l l  be c a l c u l a t e d  based on i npu ts  from the  crew s t a t i o n  and 
t h e  h y d r a u l i c  power f a c t o r  t ime  response. Cues w i l l  be generated f o r  audio 
i n d i c a t i o n  o f  nose wheel s t e e r i n g  movement i n c l u d i n g  nose wheel shinny. 
Hydrau l ic  f l u i d  usage l oad  w i l l  be generated f o r  t h e  Hydrau l ic  Power System. 
The Braking and Ant i -Sk id  equat ions w i l l  generate t h e  h o r i z o n t a l  
b rak ing  f o r c e  app l i ed  t o  each gear wheel set .  A n t i - s k i d  systeni b rak ing  
forces w i l l  be generated us ing  s imulated wheel rpp  and t h e  ground speed o f  
t h e  veh ic le .  Cues w i l l  be generated f o r  t h e  audio devices i n d i c a t i n g  brak ing  
of t h e  carbon-on-carbon surfaces. 
Off-nominal land ing  e f f e c t s  from water, i ce ,  d e f e c t i v e  systems, etc., 
w i l l  a l l  be i n s t r u c t o r  c o n t r o l l e d  i npu ts  as mal funct ions.  
F ~ M  these groups o f  equations, parameters s imu la t i ng  t h e  ac tua l  
system s t a t e  w i l l  be cond i t ioned us ing  sensor and d i s p l a y  l o g i c  booleans 
from t h e  E l e c t r i c a l  Power Subsystem f o r  crew s t a t i o n  d i sp lay ,  f o r  i n p u t  t o  t h e  
Caution and Warning Subsystem, o r  f o r  i n p u t  t o  the  Telemetry Subsystem Mu1 t i p l e x e r  
Program, i f  app l icab le .  The equat ions w i l l  be repeated f o r  each l and ing  gear 
u n i t ,  e i t h e r  by programed loops o r  by r e p e t i t i v e  equations, whichever 
r e q u i r e s  t h e  lease amount o f  computer t ime and core. Required mal func t ions  
f o r  t h e  l and ing  gear a r e  t o  be designed i n t o  t h e  s i m u l a t i o n  f o r  minimum 
computer impact. 
4.3.3.2 Landing Gear System 
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4.3.3.3 Drag Chute Subsystem 
The drag chute w i l l  r e q u i r e  a minimum l o g i c a l  s imu la t i on  approach. 
Chute deployment l o g i c  w i  11 be computed from e l e c t r i c a l  power ava i l ab le ,  
c i r c u i t  breaker,  and sw i t ch  s ta te .  Fo l lowing deployment, the  chute drag 
f o r c e  w i l l  be generated based on v e h i c l e  a i rspeed and the  d is tance o f  the  
chute c e n t e r l i n e  above the ground. The l o g i c  o f  chute re lease w i l l  be 
nea r l y  i d e n t i c a l  t o  t h e  chute deployment equat ion. Parameters used f o r  
d i s p l a y  o r  as i npu ts  t o  the  Caution and Warning o r  Telemetry programs w i l l  
be s i g n a l  cond i t ioned w i t h  sensor power booleans f rom t h e  E l e c t r i c a l  Power Sub- 
System. The mal func t ions  f o r  t h e  drag chute s i m u l a t i o n  are  t o  be designed 
i n t o  t h e  s i m u l a t i o n  f o r  minimum computer impact. 
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I The s imulated docking subsystem w i l l  s imu la te  t h e  ope ra t i on  o f  the  I 
s h u t t l e  docking mechanism. Inpu ts  t o  t h e  system w i l l  i n c l u d e  t h e  s h u t t l e - t o -  
t a r g e t  v e h i c l e  p o s i t i o n  vec to r  ( t a r g e t  v e h i c l e  t r a n s l a t i o n a l  EEM), s h u t t l e - t o -  
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I d i r e c t i o n  cosines ( s h u t t l e  r o t a t i o n a l  EPM), and i n s t r u c t o r  i npu ts  (malfunct ions, I etc.). Outputs w i l l  i n c l u d e  fo rces  and moments upon bo th  t h e  s h u t t l e  v e h i c l e  I l and t a r g e t  v e h i c l e  exer ted  by the  docking mechanism. The docking mechanism i s  ! I asrunled t o  be deployable, and t o  be ope ra t i ve  o n l y  when deployed. The dev ice  1 I I w i l l  be s imulated accordingly .  I f  deployment requ i res  a  no t i ceab le  f i n i t e  t ime, i 
and i f  t h i s  e f f e c t  i s  v i s i b l e  t o  the  crew, t h e  s imulated mechanism w i l l  a l s o  
e x h i b i t  a  s i m i l a r  f i n i t e  deployment t ime. S ta te  i n fo rma t ion  f o r  t h e  two veh ic les  
/ w i l l  be used t o  c a l c u l a t e  the  r e l a t i v e  p o s i t i o n s  and a t t i t u d e s  o f  t h e  two docking I I 
devices. The p a r t i c u l a r  c o n f i g u r a t i o n  o f  the  docking device present  on a  g iven 
miss ion  w i l l  be simulated. Depending on present  r e l a t i v e  s t a t e  (and docking 
/ mechanism con f i gu ra t i on ) ,  fo rces  and moments upon bo th  veh ic les  due t o  the  1 I I ope ra t i on  o f  t h e  guide cone, actuators/at tenuators,  o r  a l ignment  r i n g s  a r e  c a l -  1 I / cu la ted .  When r e l a t i v e  p o s i t i o n  and a t t i t u d e  (and ma l func t i on  s t a t u s )  i s  proper, 1 I I capture l a t ches  w i l l  be s imulated t o  be closed, and r e s u l t i n g  fo rces  and moments I I I w i l l  be ca lcu la ted .  Hard dock w i l l  be s imulated t o  occur when t h e  proper r e l a t i v e  I I s t a t e  e x i s t s  (and mal func t ions  have n o t  rendered i t  imposs ib le ) .  Upon hard dock, ! I ( a  boolean w i l l  be s e t  t o  cause t a r g e t  v e h i c l e  mass p r o p e r t i e s  t o  be inc luded w i t h  1 ! 
s h u t t l e  mass p rope r t i es .  Un la tch ing  o f  a  docked v e h i c l e  w i l l  be s imu la ted  as 
I 
occu r r i ng  upon remote command, p r o v i d i n g  r e l e v a n t  switches and breakers are  I 
I p r o p e r l y  conf igured,  power i s  a v a i l a b l e ,  and t h e  system has, n o t  been mal funct ioned 1 
4 
m 
10 
0)  
1 
i n  such a  way as t o  prevent  re lease.  Upon re lease,  t a r g e t  v e h i c l e  EDM w i l l  be 
I r e in i t i a l i zed  from s h u t t l e  EBM. The f a i  1-safe docking device je t t i son  ordnance I 
DATE 6/23/73 
REV. 
I will  be simulated for  emergency use. An update interval  of 100 milliseconds i s  I I used f o r  the docking subsystem simulation, which matches the update r i t e  f o r  I 
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subsystem i s  sketched i n  Figure 4.3.3.4.-1. 
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Symbol Dictionary for Figure 4.3.3.4.-1
Fdock force exerted by docking [y] shuttle attitude
mechanism on shuttle direction cosines
Fdrel unlatching/jettisoning [.]s/TV shuttle body to target
impulse vehicle body direction
F force exerted by docking cosines
mechanism on target vehicle [Y]TV target vehicle attitude
Ldock torque exerted by docking direction cosines
mechanism on shuttle edock pitch docking
LTVdock torque exerted by docking misalignment
mechanism on target vehicle k roll docking misalignment
mdock
r shuttle inertial position
rdock relative position of target 
4mdock yaw docking misalignment
vehicle docking assembly
(shuttle body-fixed
coordinates)
r s/TV shuttle-to-target
vehicle vector (inertial
coordinates)
rTV target vehicle inertial
position
V shuttle inertial velocity
VTV target vehicle inertial
velocity
QD
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4.3.4 Comrnuni cations/Trackina System 
4.3.4.1 TACAN Subsystem 
The Space Shuttle Subsystem contains the three TACAN 
Transmitter/Receivers, control panels and L band antennas located in the 
o rb i t e r  and makes use of exist ing ground TACAN f a c i l i t i e s .  The o rb i t e r  
controls a r e  located on the p i lo t  center console and include the three 3- 
d ig i t  frequency se lec tors ,  the three X-Y  mode switches, the three t e s t  switches 
and three local/master switches. The NAV AUDIO switch contains positions f o r  
monitoring the TACAN s ta t ion  ident i f icat ion s ignals .  The TACAN Master Switch 
se lec tor  ( 3  posit ion) and local/master switches allow advance set-up of the 
panel t o  sequentially s e l ec t  three s ta t ions  o r  t o  obtain simultaneous informa- 
t ion from up to  three s ta t ions  i f  in  range. The X-Y  mode control provides 
for  operation on any one of 252 paired frequency channels, 126 f o r  each posi- 
t ion of the switch. Station ident i f icat ion i s  provided by receipt  of the 
transmitted 1350 h t  s t a t ion  ident i f ica t ion  ca l l  l e t t e r s .  The TACAN operates 
by f l i g h t  interrogation pulsing of the ground based beacon system. There 
i s  a search mode i n  which the system i s  pulsed a t  a re la t ive ly  high frequency. 
Once lock-on i s  achieved, the system provides bearing and distance informa- 
tion f o r  use by the G N & C computer and f o r  various displays including the 
Atti tude Director Indicator,  Horizontal Si tuat ion Indicator,  and/on CRT 
displays. In the TACAN mode, the HSI "To/From" indicator  and course deviation 
indicator display deviation from the selected TACAN rad ia l .  The HSI course 
deviation warning f lag  indicates deviation val idi ty .  7he desired tacan radial 
i s  selected by means of the HSI course s e t  knob and i s  displayed on the HSI 
course se lec tor  window. Tacan information and HSI selected heading informa- 
t ion i s  routed t o  the  G N & .C computer. 
. I 
i a 
. : 
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Simula t ion  o f  the  TACAN subsystem inc ludes  determinat ion  
o f  geometry between the  o r b i t e r  and s t a t i o n  selected,  s igna l  c o n d i t i o n i n g  
and sw i t ch ing  l o g i c .  Two areas a r e  somewhat, new t o  t r a i n i n g  s imu la t ions .  
These are the  r e l a t i v e l y  l a r g e  area coverage per  u n i t  o f  t ime and the  extreme 
a l t i t u d e s  invo lved.  I n  both cases the  problem i s  one o f  being ab le  t o  handle 
a  l a r g e  volume o f  s t a t i o n  data w i t h  f a s t  sw i tch ing .  Storage o f  t h i s  data on 
l i n e  would so l ve  the  techn ica l  problems b u t  would be c o s t l y .  Using o f f - l i n e  
d i s c  o r  o the r  mass storage media, t h e  problem i s  one o f  being a b l e  t o  b r i n g  
t h e  data on l i n e  as a f u n c t i o n  o f  sw i t ch ing  l o g i c  (frequency, antenna s e l e c t i o n  
etc. )  and range. The range o f  t r a j e c t o r i e s  a l l owab le  f o r  s h u t t l e  missions 
i n d i c a t e  a  requirement f o r  a  l a r g e  number o f  s t a t i o n s .  These s t a t i o n s  w i l l  be 
s to red  o f f - l i n e .  EOM furn ished La t i t ude ,  Longitude and Heading i n f o r m a t i o n  w i l l  
a l l ow  o rde r ing  t h e  o f f - l i n e  tab les  i n  a  manner t o  a l l ow  p r e d i c t i o n  o f  the  area 
t o  be covered before  t h e  nex t  update of t h e  on - l i ne  tab les .  The o n - l i n e  tab les  
w i l l  be assembled by r a d i o  frequency-one s e t  o f  data f o r  each o f  t h e  252 
poss ib le  se lec t i ons .  The s t a t i o n ,  f o r  any one frequency, se lec ted  t o  be s to red  
i n  t h e  o n - l i n e  t a b l e  w i l l  be the  s t a t i o n  a t  t h e  s h o r t e s t  range o r  s t rongest  
rece ived s igna l .  Refer  t o  f i g u r e  4.3.4.1.1. As procedures f o r  use o f  t h e  Tacan 
become b e t t e r  def ined,  i t  may be found t h a t  the s t a t i o n  data can be assembled 
from Reset data unique t o  each r e s e t  po in t .  Th is  would be a  d e s i r a b l e  a l t e r -  
n a t i v e ,  however, p r o v i s i o n  must be made f o r  abo r t  and cont ingency modes. The 
l a t t e r  method should be s u f f i c i e n t  f o r  s i m u l a t i o n  o f  the  o r b i t e r l d e t a c h e d  pay- 
l oad  mode. I n  t h i s  case, a l l  necessary i n f o r m a t i o n  can be c a r r i e d  as r e s e t  data 
except  f o r  the payload s t a t e  vec to r  which w i l l  be supp l ied  by EOn.  Once s t a t i o n  
unique data i s  assembled t o  correspond t o  t h e  s t a t i o n  selected, t h e  s i m u l a t i o n  
i s  s t ra igh t - fo rward .  The tacan w i l l  be i n  e i t h e r  search o r  t r a c k  mode. In search 
mode, the  bear ing  (D)  w i l l  r o t a t e  and t h e  ranqe (R)  i s  undef ined. I n  t r a c k  mod?, 
I 
! 
? 
D 
? 
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t h e  geometry i s :  . . 
NN'.I' i 
C 
..\!I "/ -1 X 
D = t a n  7 
\\ 
-1 -7: E = s i n  - r? 
2 2 1/2 R = [ x 2 + y  + Z ]  
FIGURE 4.3.4.1.2 
To t h i s ,  s i gna l  c o n d i t i o n i n g  i s  app l i ed  f o r  range a t t e n u a t i o n  v e h i c l e  a t t i t u d e  ' 
(antenna s e l e c t i o n ) ,  r a d i a t i o n  p a t t e r n  and r a d i o  hor izon.  The v i s i b i l  i t y  due t o  
r a d i o  ho r i zon  can be expressed as 
r cos E Rh = e cos (E+B) .- 
where Rh = rad io  ho r i zon  range 
re  = e a r t h  rad ius  
E = E leva t i on  angle c o n s t r a i n t s  ( d e f a u l t  v a l ~ e  o f  zero). 
0 = c e n t r a l  angle between the  Tacan s t a t i o n  and the  o r b i t e r  p o s i t i o n s  
-1 B = s i n  (UR S h u t t l e  X DR Tacan) 
'.+ 
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The t e s t  f o r  v i  s i b i  1  i ty w i t h  respect  t o  t h e  r a d i o  ho r i zon  between t h e  o r b i t e r  
and the  Tacan s t a t i o n  i s :  
Rh < R o r b i t e r  & v i s i b l e  
Rh ' R o r b i t e r  + n o t  v i s i b l e  c 
See f i g u r e  4.3.4.1.1 
The TACAN s imu la t i on  w i l l  i nc lude  t h e  "cone o f  confus ion"  over  t h e  ground 
s t a t i o n  and the b u i l t  i n  t e s t  checks. 
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t d  = Time de lay  
D = r e l a t i v e  azimuth angle 
E = r e l a t i v e  e l e v a t i o n  angle 
R = LOS range 
R,, = r a d i o  ho r i zon  
SS = Signal  s t r e n g t h  
+ 
A = Antenna geometry vec to r  
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4.3.4.2 ILS Subsystem 
The space s h u t t l e  ILS subsystem conta ins  t r i p l e  redundant ILS 
g l i d e  slope, l o c a l i z e r  and marker beacon rece i ve rs  w i t h  one frequency se lec t i on .  
The r e c e i v e r  i s  se lec ted  by one o f  t h ree  togg le  sw i t ch  on -o f f  c o n t r o l s  which 
a l s o  has t e s t  pos i t i ons .  Audio s e l e c t i o n  i s  made by  one o f  the  same m u l t i -  
p o s i t i o n  r o t a r y  swi tch  as used f o r  the  TACAN subsystem. 
S imula t ion  o f  the  ILS subsystem inc ludes  geometry o f  t h e  r a d i a t e d  
s i g n a l  pa t te rns  f o r  t h e  l o c a l i z e r  g l i d e  slopes and t h e  marker beacons. A 
unique problem t o  the  s i m u l a t i o n  i s  t h e  requirement f o r  two nominal g l i d e  slopes, 
s imulated simultaneously. These w i l l  have slopes o f  approximately 8' and 15" .  
The problem i s  n o t  t o t a l l y  new s ince standard g l i d e  slopes have n u l l s  a t  the  
nominal angle E, 2E. 3E. 4E, and 5E w i t h  the  5E s igna l  phasing the  same as E 
( f l y - t o  e r r o r  s i g n a l s ) .  The system concept dep ic ted  i n  F igure  4.3.4.2.2 
i n c l u d e s  these unique fea tures ,  as w e l l  as t h e  standard geometry and sw i t ch ing  
problems which must be solved. The geometry i s :  
N P  
Figure  4.3.4. 
-4 ILS Geometry 
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- I  AX where the  s t a t i o n  azimuth angle r e l a t i v e  t o  e a r t h  n o r t h  i s  Tan n. The 
A s t a t i o n - t o - o r b i t e r  e l e v a t i o n  angle i s  de f i ned  by  t h e  angle S in  . 
a d d i t i o n a l  c o n d i t i o n i n g  o f  the  e l e v a t i o n  e r r o r  s i g n a l  i s  r e q u i r e d  due t o  t h e  
m u l t i - l o b e  r a d i a t e d  p a t t e r n  and d i s t o r t i o n  o f  t h e  r a d i a t e d  s i g n a l  due t o  l o c a l  
geography and weather. The e r r o r  s i g n a l s  qenerated are f l y - t o  f o r  t h e  E and 
5E cases and f l y - f r o m  o therwise  w i t h  n u l l s  a t  2E, 3E and 4E. The 8" and 15' 
g l i d e  slopes are  assumed nominal f o r  pr ime and se lec ted  a l t e r n a t e  l and ing  s i t e s  
f o r  the  s h u t t l e .  Any o the r  land ing  s i t e  would r e q u i r e  us ing  t h e  5E l obe  n u l l  
( w i t h  a  nominal E o f  1.3' f o r  the  steep g l i d e  s lope) .  The s i m u l a t i o n  concept 
a l lows t h e  i n s t r u c t o r  op t ions  f o r  s e l e c t i o n  o f  these cond i t i ons  e i t h e r  f o r  
space o r  f e r r y  miss ions.  S t a t i o n  audio i d e n t i f i c a t i o n  i s  generated and rou ted  
t o  t h e  comun ica t i ons  system f o r  b o t h  t h e  ILS s t a t i o n  and i d e n t  codes f o r  each 
o f  the  marker beacons. A i r c r a f t  systems have an i n d i c a t o r  lamp which f l ashes  
the  marker beacon code. Th is  lamp i s  n o t  known t o  e x i s t  on t h e  s h u t t l e  panels, 
b u t  may be p a r t  o f  a  CRT d isp lay .  
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4.3.4.3 Plavai ds Radar A1 t i m e t e r  Subsys tern 
A t y p i c a l  FAA r a d a r  a l t i m e t e r  i s  assumed. Th l s  subsystem w i l l  p rov ide  
warning cues as w e l l  as an accurate measurement o f  v e h i c l e  a l t i t u d e  above l o c a l  
t e r r a i n  f o r  d i s p l a y  and i npu ts  t o  the  GN&C, COllM and D&C systems. The antennae 
are l oca ted  s u f f i c i e n t l y  c lose t o  the  v e h i c l e  cen te r  o f  q r a v i t y  t h a t  no  apparent 
change i n  i n d i c a t e d  a l t i t u d e  occurs w i t h  v e h i c l e  a t t i t u d e  changes. Gross a t t i t u d e  
change can, however, cause a  l oss  o f  re tu rn .  The l o q i c  f unc t i ons  shown are  t y o i c a l .  
A l o c a l  t e r r a i n  sof tware model w i l l  be cons t ruc ted  and data s p e c i f i e d  
a t  the  i n t e r s e c t i o n  o f  azimuth r a d i a l s  and ranqe c i r c l e s  centered a t  t h e  runway. 
L inea r  i n t e r o o l a t i o n  between data p o i n t s  w i l l  p rov ide  a  smooth chanae i n  t e r r a i n  
a l t i t u d e  w i t h  the values i n  the tab les  r e p w s e n t i n q  exac t  t e r r a i n  a l t i t u d e  a t  the 
s p e c i f i c  po in ts .  S imula t ion  requirements i n d i c a t e  a  requi rement  f o r  maximum 
accuracy a t  touchdown and nea r  the nominal approach azimuth. Lower accuracy can 
be t o l e r a t e d  a t  long range from the  land inq  s i t e  and a t  l a r g e  r e l a t i v e  bear ings t o  
the  runway l e a d i  ngs . 
.. 
Symbols and D e f i n i t i o n s  
[B-E] B t o  E frame d i r e c t i o n  cosines 
WO W Weiqht on wheels , 
W DL Wheels down and locked 
h  A1 ti tude 
k cons tan  t 
R Radar a1 ti tude 
r Vehic le rad ius  t o  center  o f  e a r t h  
ro 
Nominal e a r t h  rad ius  d is tance exc lus i ve  o f  l o c a l  t e r r a i n  
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4.3 .4 .4  ATC Transponder 
The ATC Transponder system cons i s t s  o f  t h e  f l i g h t  transponder w i t h  
an on -o f f  t o g g l e  sw i t ch  and a  t o g g l e  sw i t ch  s e l e c t i o n  f o r  transponder #1 and 62. 
The s imu la t i on  w i l l  c o n s i s t  o f  moni tors f o r  these switches a t  t h e  I n s t r u c t o r -  
* 
Operator S ta t i on .  Refer  t o  F igu re  4.3.4.4. 
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SET ATC 
MONITOR 
4.3.4.5 NAVAIDS MICROWAVE LANDING SYSTEM (MLS) 
The requirements of the  MLS a r e  e s s e n t i a l l y  t h e  same as f o r  
ILS (aaraqraoh 4.3.4.2). The major d i f f e rences  are s t a t i o n  
freauency, o r t . i t e r  con t ro l s ,  a rea te r  accuracy o f  s t e e r i n q  
i n f o r m a t i o n  and s h o r t e r  range. The conceptual design i s  
e s s e n t i a l l y  t h a t  shown f o r  t h e  ILS i n  f i g u r e  4.3.4.2. Require- 
ments f o r  an WLS system have n o t  been firmly establ ished,  
however the system i s  i nc luded  i n  the  SCD because o f  t h e  
probable need f o r  a system w i t h  h igher  accuracy then the  
convent ional  ILS system f o r  au to land ing  reouirements. As of 
t h i s  w r i t i n g ,  i t  i s  understood t h a t  MLS w i l l  be used. 
DATE 6/23/73 
REV. A 12/21/73 
THE SINGE2 COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
BINCiHaYifW. NEW YORK 
PAGE N0.4.1-126 
REP. NO. 
OATE 5/23/73 1 THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
4.3.4.6 S-Rand Cormuni c a t i o n  Subsysten 
The s imu la t i on  o f  t h e  S-Band voice, data, and command communication 
l i n k  w i l l  be modeled by c a l c u l a t i n q  the  s i a n a l  s t r e n ~ t h  o f  the received s i g n a l  
a t  the  veh ic le  and the t r a n s m i t t e d  power l e v e l .  To determine the  s i r rnal  s t renqth ,  
i t  i s  necessary t o  determine i f  the  s i a n a l  pa th  i s  occu l ted  by ear th .  
REV.  
The number o f  s t a t i o n s  t h a t  must be t e s t e d  are  l i m i t e d  t o  the  STDN 
and SGLS s ta t i ons .  
As shown i n  F igure  4.3.4.6, the l i n e - o f - s i o h t  a c q u i s i t i o n  i s  ca l cu la ted  
f rom the veh ic le  p o s i t i o n  vec to r  from EDPI. Only those s t a t i o n s  havinq ~ o s i  t i v e  eleva 
t i o n  angles are acceptable as hav ing  l i n e - o f - s i g h t .  
The t r a n s m i t t e r  and r e c e i v e r  opera t iona l  power i s  c a l c u l a t e d  from EPS 
BINWAMTCN. NEW YORK I , 
power a v a i l a b l e  booleans, c i r c u i t  breaker  s t a t e ,  and sw i t ch  s t a t e  i n  the  crew 
s t a t i o n .  Swi tch ing l o g i c  w i l l  be taken i n t o  account by  the  program. 
T ransmi t te r  s i g n a l  s t r e n g t h  i s  c a l c u l a t e d  us ina  t r a n s m i t t e r  ou tau t  power 
REP. NO. 
a t t e n u a t i o n  losses t o  the  antenna, and antenna gain.  The transmi t t i n g - r e c e i v i n q  
antenna i s  determined by c a l c u l a t i n q  the  rece i ve r  s i g n a l  s t r e n g t h  a t  a l l  antennas. 
In auto sw i t ch ing  mode, t h e  antenna w i t h  the h ighes t  s i a n a l  s t r e n g t h  i s  se lected.  
T h i s  i s  accomplished by computing the  mode o f  antenna s e l e c t i o n  as based on the  
crew panel sw i t ch  p o s i t i o n s  and t h e  c a l c u l a t e d  PGC vol tage.  The a t tenua t i on  o f  
t h e  incominq s i g n a l  i s  c a l c u i a t e d  from the  a t tenuated qround t r a n s m i t t e r  power and 
t h e  a t tenua t i on  p a t t e r n  o f  t h e  s i g n a l  from the  se lec ted  antenna. The antenna 
p a t t e r n  a t tenua t i on  i s  c a l c u l a t e d  by per forminn a  v e h i c l e  t o  Ea r th  t rans format ion  
o f  t h e  EOH data  y i e l d i n g  t h e  r e l a t i v e  p o s i t i o n  o f  the  qround s i t e  t o  the  v e h i c l e  
antenna. 
Fo l lowing c a l c u l a t i o n  o f  the a t tenuat ion ,  a  backqround nq i se  l e v e l  w i l l  
.. . 
be c a l c u l a t e d  and a  s i a n a l  l e v e l  w i l l  be ca lcu la ted .  These two s igna ls  w i l l  be 
f u r n i s h e d  t o  t h e  audio hardware equipment t o  generate a  vo ice  volume and a no i se  
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volume level. Ins t ructor  override of the volume level  calculated by the  program 
will be provided. 
Booleans wil l  be generated signifying t h a t  T/M and/or DCS command capa- 
b i l i t y  ex is t s .  These booleans will be provided t o  MCC and t o  using subsystems. 
Simulation of the  phase-lock S-Band Ranging system will  be provided by 
calculat ing the, distance of separation of the vehicle from the  ground s ta t ion .  
This function will not require "ground s ta t ion"  processing by computer. The range 
calculated will be made avai lable  t o  MCC f o r  a l l  s t a t i ons  i n  contact w i t h  the  
vehicle.  
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4.3.4.7 UHF Communication Subsystem 
The simulation of the  UHF t ransceiver  voice communication l i nk  w i l l  
be modeled by calculating the  signal strength of t he  received signal and the 
transmitted power leve l .  To determine the  signal s t rength,  i t  is necessary t o  
determine i f  a s ta t ion  i s  occulted by ear th  and is operating on the correct  
frequency. 
The number of possible s t a t i ons  t h a t  may be tes ted  i s  l imited by 
computer time and core. A t  high orb i ta l  a l t i t udes ,  i t  becomes possible f o r  the  
vehicle t o  have line-of-sight w i t h  large ea r th  surface areas. The extreme 
example is t h a t  an area grea te r  than the  U.S. may be within line-of-sight. 
With such coverage, i t  i s  necessary t o  limit t he  number of ground s t a t i ons  loaded 
in  working core of the  computer. A t  t h i s  time, it is f e l t . t h a t  twenty-five 
addit ional s t a t i ons  over the  normal STDN s t a t i o n s  a re  s u f f i c i e n t  f o r  any t ra in ing  
mission. To bring these s t a t i ons  i n t o  core, one concept t h a t  i s  usable is  t o  use 
the Reset feature  t o  ca l l  from mass storage twenty-five UHF s t a t i o n s '  parameters. 
Additions o r  deletions may be made t o  t he  Reset se lected s t a t i o n s  by providing 
t o  the  ins t ruc tor  controlled access t o  the  mass memory tab les .  These mass 
.' 
memory tab les  a re  expected t o  require approximately one-thousand s t a t i o n s '  
* parameters. 
In Figure 4.3.4 .7 ,  t he  f i r s t  s t e p  in  solving the  UHF conunica t ion  
model is t o  calculate acces s ib i l i t y  of line-of-sight. This is accomplished 
by computing the elevation angle of the  vehicle. Only those s t a t i ons  having 
pos i t ive  elevation angles f o r  the vehicle a re  se lected a s  having l ine-of-sight.  
From these selected s t a t i ons ,  'the frequency (or  channel) s e t  on the  
crew s t a t i on  panels will be used t o  f u r t h e r  e d i t  t h e  non-active s t a t i ons  from 
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t h e  s t a t i o n s  w i t h  p o s i t i v e  e l e v a t i o n  angles. Once a  ground s t a t i o n  has been 
i d e n t i f i e d  as having bo th  a  p o s i t i v e  e l e v a t i o n  angle and on t h e  same frequency 
as the  veh ic le ,  t h e  s t a t i o n  i d e n t i f i c a t i o n  code, p o s i t i o n  o f  s t a t i o n  i n  the  
E-frame, and t h e  s t a t i o n  t ransmi t ted  power a r e  prov ided t o  t h e  t ransce ive r  power 
l o g i c  equat ions. 
The t ransce ive r  pokier l o g i c  equat ions generate booleans f o r  rece i ve r -  
on and t ransmi t te r -on  from t h e  EPS power-avai lab le booleans and t h e  crew s t a t i o n  
sw i t ch  and c i r c u i t  breaker  c o n t r o l  ' l og ic .  
T ransmi t te r  s igna l  s t r e n g t h  i s  c a l c u l a t e d  us ing  t r a n s m i t t e r  ou tpu t  power 
a t t e n u a t i o n  losses t o  t h e  antenna, and antenna gain.  The t r a n s m i t t i n g - r e c e i v i n g  
antenna i s  determined by c a l c u l a t i n g  t h e  r e c e i v e r  s i g n a l  s t r e n g t h  a t  a l l  antennas. 
I n  au to  swi tch ing  mode, t h e  antenna w i t h  t h e  h ighes t  s igna l  s t r e n g t h  i s  selected. 
Th is  i s  accomplished by computing t h e  mode o f  antenna s e l e c t i o n  as based on t h e  
crew panel sw i tch  p o s i t i o n s  and t h e  c a l c u l a t e d  AGC voltage. The a t tenua t i on  
o f  the  incoming s igna l  i s  c a l c u l a t e d  f rom t h e  a t tenuated ground t r a n s m i t t e r  
power, and t h e  a t tenua t i on  p a t t e r n  o f  t h e  s i g n a l  f rom t h e  se lec ted  antenna. The 
antenna p a t t e r n  a t t e n u a t i o n  i s  c a l c u l a t e d  by  per forming a  v e h i c l e  - .  t o  Ea r th  
t rans fo rma t ion  o f  t h e  EOM da ta  y i e l d i n g  t h e  r e l a t i v e  p o s i t i o n  o f  t h e  ground s i t e  
t o  the  v e h i c l e  antenna. 
f o l l o w i n g  c a l c u l a t i o n  o f  t h e  a t tenuat ion ,  a  back&ound n o i s e  l e v e l  
w i l l  be c a l c u l a t e d  and a  s i g n a l  l e v e l  w i l l  be ca l cu la ted .  These two s i g n a l s  
w i l l  be fu rn i shed  t o  t h e  audio hardware equipment t o  generate a  v o i c e  volume and 
- -  a  no i se  volume l e v e l .  I n s t r u c t o r  o v e r r i d e  o f  the  volume l e v e l  c a l c u l a t e d  by  t h e  
program wi 11 be provided. t 
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4.3.4.7 UHF Voice - Comn i ta t i on  Subsystem 
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4.3.4.8 Te1emetr.y Subsystem 
The Telemetry Subsystem f o r  t h e  S h u t t l e  i s  s imu la ted  by supply ing the  
GSSC-MCC complex w i t h  a  s e r i a l  d i g i t a l  data stream i n  a  format.  A t  t h i s  t ime, i t  
. 
i s  assumed t h a t  t h e  fo rmat  requ i red  by MCC f o r  i n t e g r a t e d  t r a i n i n p  w i l l  be t h e  
same as would be received a t  MCC i n  the  rea l -wor ld  s i t u a t i o n .  Th i s  assumption i s  
based on previous s i m u l a t i o n  experience f rom SLS and CMS. .The fo rmat  o f  t h e  m u l t i - .  
p lexed a i r - to -ground s t a t i o n  te lemet ry  data w i l l  be computed w i t h i n  a  mini-cornouter 
f o r  simu.1 a t i o n  .purposes. The s w i t c h i  rig 1 o g i c  ' f o r  t h e  m u l t i  o lexer  and s i q n a l  
processors w i l l  be computed i n  t he -ma in  computer. 
The v e h i c l e  f o r  b o t h  &I and DFI has a  maximum data  t r a n s f e r  r a t e  o f  
128 Kbps on 1.024 MHz and 256 Kbps on 1.7 MHz. The 128 Kbps i s  apparent ly  
dedicated t o  the  v e h i c l e  opera t ion  p lus  payload i n t e r f a c e  parameters. The 256 Kbps 
i s  payload dedicated. 
The T/M s imu la t i on  design concept i s  l i m i t e d  t o  present  day equipment 
by  NASA decis ion.  Th i s  equipment a l lows a  maximum B u i l d i n g  30 - 8 u i l d i n g  5 i n t e r -  
., 
face  r a t e  o f  51.2 Kbps on each o f  two coax ia l  l i n e s .  Th i s  l i m i t a t i o n  reduced t h e  
T/M i n t e r f a c e  t o  51.2 Kbps f o r  t h e  OF1 and DFI i ns t rumen ta t i on  and t o  51.2 Khps 
f o r  t h e  payload d i g i t a l  data. The 51.2 Kbps r a t e  i s  used f o r  the  two l i n e  l i n k s  
because t h e  e x i s t i n g  equipment has been used a t  t h a t  r a t e  p r e v i o u s l y  i n  t h e  CMS 
Tra iner .  
. . The te lemet ry  program f u n c t i o n s  are  shown p i c t o r i c a l l y  i n  F igu re  4.3.4.8. 
The mu1 t i p l e x e r  power l o g i c  equat ions c a l c u l a t e  the  ope ra t i ng  c o n d i t i o n  o f  the  
m u l t i p l e x e r  and t h e  s i g n a l  c o n d i t i o n i n g  un i t s .  The te lemet ry  data w i l l  be t rans-  
f e r r e d  t o  GSSC even when t h e  s imulated T/M t;ansmitter i s  indperable. Add i t i ona l  
booleans w i l l  be supp l ied  t o  GSSC i n d i c a t i n g  t h e  ope ra t i ng  c o n d i t i o n  and power 
ou tpu t  o f  each t r a n s m i t t e r  u n i t  f rom t h e  S-Band System equations. 
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Telemetry parameters generated by  t h e  sof tware systems w i l l  be s to red  
i n t o  a  t a b l e  where t h e  T/M m u l t i p l e x e r  equat ions w i l l  c o n d i t i o n  t h e  i nopera t i ve  
m u l t i p l e x e r  channels w i t h  dummy values. These generated T/M m u l t i p l e x e r  t ab les  
are then processed by the  s igna l  cond i t i on ing  and s c a l i n g  program. Th i s  program 
w i l l  take the  d i g i t a l  f l o a t i n g  p o i n t  va lues and conver t  the  data t o  packed words 
o r  biased, scaled, f i x e d  p o i n t  data values. These new values w i l l  then be s to red  
i n t o  a format w i t h  t h e  dumy  f i l l e r  values and constant  values. 
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Figure 4.3.4.8 Telemetry S y s t e m  
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The Uo-Link Dicrital Comnand Subsystem i s  simulated by use of software 
and hardware fo r  the transmission of command data. 
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In the integrated mode w i t h  MCC, an encoded word wil l  be generated by 
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the control ler ,  shioped hy hardware teleohone equioment t o  the SI4S comnuter. 
1,lithin the conouter, software will decode the cornrand, s e t  a boolean indicatinn the 
command, and qenerate a boolean f o r  T/M of acceptance of the DCS command. 
For the non-integrated mode of computer operation, the ins t ruc tor  
will provide up-data commands by manual inser t ion using the CRT or  other  means of 
data entry. 
I f  the advanced t ra ining technique of predetermined ins t ruc tor  action 
i s  imnlemented, i t  wi l l  be oossible f o r  the remote corrmands t o  be established 
by the computer s imi la r  t o  malfunctions. 
The software required i s  shown i n  Figure 4.3.4.9. The incominu 
command word from MCC o r  the IOS is decoded i f  the power switchinq log ic  equations 
. 
show tha t  the S-Rand receiver has acquired the around signal i n  su f f i c i en t  strennth 
t o  receive messages, t h a t  EPS power is available t o  the DCS decoder via switches 
and c i r cu i t  breakers, and the decoder i s  operational. The decoder wil l  t e s t  the 
incoming message and s t o r e  a boolean i n  the selected command word location and 
establ ish a boolean f o r  the  T/M program t o  transmit siqnifyinn command messaoe 
acceptance. 
I 
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4.3.4.9 Digital Command System 
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4.3.4.10 T e l e v i s i o n  Cont ro l  Logic Subsystem 
The sof tware s i m u l a t i o n  of t h e  TV Subsysterr: w i l l  ~ r o v i d e  t h e  svt i tch in? 
and r e l a y  l o g i c  o f  t h e  on-board t e l e v i s i o n  cameras and monitors. Crew s t a t i o n  
sw i t ch  p o s i t i o n ,  c i r c u i t  breaker  p o s i t i o n ,  and renote  DCS commands w i l l  be inc luded 
i n  t h e  equat ions t o  determine camera power and r e c e i v e r  power. A t e s t  w i l l  be made 
o f  t h e  S-Band t r a n s m i t t e r  power l e v e l  t o  determine i f  a i r - to -ground t ransmiss ion 
i f  a i rbo rne  recep t i on  i s  possib le.  
The I O S  w i l l  be prov ided w i t h  a remote TV moni to r  s imu la t i ng  the  v e h i c l e  
mon i to r  o r  the  ground mon i to r  s t a t i o n .  P rov i s ion  s h a l l  be made f o r  i n s t r u c t o r  
o v e r r i d e  over t h e  S-Band s i g n a l  a t t e n u a t i o n  and crew s t a t i o n  power l o g i c .  
4.3.4.1 1  Recorder Contro l  Log ic  Subsystem 
The sof tware s i r n u l a t i i n  o f  the Voice Recorder w i l l  p rov ide  t h e  swi tch-  
i n g  and r e l a y  l o g i c  o f  the  audio recorder.  Crew s t a t i o n  sw i t ch  and c i r c u i t  
breaker  p o s i t i o n  w i l l  be i nc luded  i n  t h e  equat ions t o  determine recorder  power. 
D i sc re tes  w i l l  be prov ided t o  determine whether t h e  recorder  i s  i n  record,  rewind, 
and r e l a y  l o g i c  o f  t h e  data recorder  u n i t .  . Crew s t a t i o n  sw i t ch  and c i r c u i t  breaker 
p o s i t i o n  w i l l  be inc luded i n  t h e  equat ions t o  determine reco rde r  power. D iscre tes  
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'4.3.4.12 VHF Conmunication Subsvstem 
The simulation of t he  VHF duplex and simplex voice and data communica- 
t ion  l i n k  will  be modeled by calculating the  signal strength of the  received 
signal from the ground s ta t ions  and the transmitted power level out of the  vehicle 
antennas t o  the ground s ta t ion .  To determine the signal s t rength,  i t  is  necessary 
t o  also determine if a s t a t i on  is occulted by the ear th  and i f  i t  i s  operating on 
the correct  frequency. 
The number of possible sta'tions t h a t  have line-of-sight coverage i s  
excessive when i t  is considered t h a t  the  area of coverage may be as large as the 
United States.  With such coverage, i t  is necessary t o  limi t the number of ground 
s ta t ions  loaded i n  working core of the computer. A t  t h i s  time, i t  i s  f e l t  t ha t  
twenty-five additional s t a t i ons ,  over the nonnal STDN s t a t i ons ,  a r e  su f f i c i en t  
f o r  t ra in ing .  The Reset fea ture  as described i n  t he  UHF Logic System wil l  be 
used. 
The process of identifying those s ta t ions  having line-of-sight, on 
correct  frequency, receiver-transmitter operation, receiver-transmitter signal 
s t rength,  and signal-to-noise r a t i o  is the same as  the  UHF Logic System f o r  
simulation concept. This process is ident i f ied  as  the signal-to-noise equations 
-in Figure 4.. 3.72.3. ~~ ~ 
. ~. 
Following the station-to-vehicle calculat ions ,  the equation: 
~~ . 
+ -+ 
- ~~ 171 2-r. rTv < 1$l2-rE 2 .~ ... 
-+ + . ~ ... .. I r- r,, I 
~. . 
+ where: r = Orbiter vector --  Earth-centered Iner t i  a1 
r~~ 
= Target Vehicle vector  earth-centered I n t e r t i a l  
- .  ~. ~ ~ .. ~ 
.~ . - .. 
, 'E = Earth radius (assumed spherical  model) 
~ 
solves the problem of l i  ne-of-sight from orbi ter- to- target  vehicle. 
~ ~ . ~ .  ~~. . . . .~ - .. -~ ~ ~. . ..- ~ . . 
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The attenuation of t h e  signal paths between the two vehicles wi l l  then 
~ ~ . ~. . ~ .-. 
be calculated based on antenna pattern or ientat ion and vehicle separation d is -  
tance. The re la t ive  bearing angles wil l  be calculated and applied t o  equations 
representing the antenna pattern.  
. 
Using the attenuation f igure  f o r  the t a r g e t  vehicle t o  the shu t t l e ,  
a boolean will be established f o r  the  condition of reception of data of the low 
~ . ~ . ~  
2Kbs ra te .  
From the attenuation f igure  f o r  the o rb i t e r  t o  t a rge t  vehicle, a boolean 
will  be established f o r  the condition of transmission of comands. 
Booleans representing the capabi l i ty  t o  transmit o r  receive voice will 
be generated by the programs f o r  use by the audio hardware. 
~- .. .. ~ - ~~~~ - ~ 
~. ~- ~ 
~ . .~ - - . . - - - - .- - 
. -. -. . . ~ . ~  . ~ 
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4 . 3 .  4.13 Intercom Switchinq Subsvstem 
The intercom o r  audio control l og i c  w i l l  be simulated f o r  a l l  re lay 
and switching logic  by software. Inputs t o  the  logic  equations w i l l  be provided 
by the crew s ta t ion  switches and c i r c u i t  breakers. All real-world e lectronic  
relay c i r cu i t s  o r  logic c i r cu i t s  will  be modeled by software equations w i t h  
malfunctions. Physical control of the voice and noise level on each c i r c u i t  will  
be provided by the originating system. 
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4.3.4.14 Wide Band Data L i n k  Subsystem 
The s imu la t i on  o f  t h e  Wide Band t ransmiss ion  o f  main engine and payload 
data i s  n o t  j u s t i f i a b l e  us ing  e x i s t i n g  data l i n e s  and equipment. The major problem 
i s  t h a t  t h e  type o f  data being t r a n s m i t t e d  over  wide band requ i res  e i t h e r  analog 
s i m u l a t i o n  o r  a very  h igh  r a t e  (1,000 samples per  second) o f  d i g i t a l  s imu la t i on .  
There are n o t  enough coax l i n e s  t o  t r a n s f e r  analog data f o r  approximately 50 
channels o f  data. There are  coax cables which cou ld  t r a n s m i t  51.2 Kbs of data; 
however, a d i g i t a l  s i m u l a t i o n  w i t h  an i t e r a t i o n  r a t e  o f  1.000 cyc les  p e r  second 
would be requ i red .  This  f raming r a t e  would r e q u i r e  a s p e c i a l l y  dedicated computer. 
This  method i s  possib le;  however, i t  i s  f e l t  the  cos t  o f  t h i s  method would 
p r o h i b i t  t h e  value de r i ved  f rom t r a n s f e r  o f  t h e  da ta  t o  MCC. 
S imula t ion  of t h e  measurements (frequency, v i b r a t i o n  amp1 i tude, e t c )  
can be t ransmi t ted  a d i g i t a l  va lue over  t h e  present  coax cables w i t h  the  
c o m u n i c a t i o n  s t a t u s  words. Approximately 20 words would be t ransmi t ted  a t  
a suggested r a t e  o f  f i v e  t i n e s  per  second. I t  i s  f e l t  t h a t  redundancy o f  
measurements w i l l  make t h i s  a r e a l i s t i c  exchange between B u i l d i n g  5 and B u i l d i n g  
30. 
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4.3.5.1 Caution and i la rn inq  Subsystem 
The Caut ion and Warning Subsystem i s  s u i t a b l e  f o r  a l o g i c  eouat ion  
s imu la t ion .  The system i s  composed o f  f o u r  types o f  crew cues: a l e r t .  
caut ion ,  warning, and emergency. A l l  f o u r  have one conunon i d e n t i t y  - t h e  
audio cues. The s imu la t i on  can t e  best  approached by t l i e  d i v i s i o n  o f  
equat ions shown i n  F igu re  4.3.5.1. 
The A l e r t  power and d i s p l a y  l o g i c  equat ions determine i f  a l e r t  
power i s  ava i l ab le ,  whether the  sensors a r e  a c t i v e ,  and generates booleans 
f o r  d i s p l a y  i n  t h e  crew s t a t i o n  when i n p u t  parameters a r e  o u t  o f  to le rance.  
A boolean w i l l  be generated f o r  cue t o  t h e  audio dev ice  each t ime  a new 
parameter i s  sensed o u t  o f t o l e r a n c e .  
The Caut ion and Narning Power equat ions s imu la te  t h e  separate 
i n t e r n a l  power supp l ies  o f  Caution power and Warning power. Since these 
u n i t s  a r e  c o n t r o l l e d  by t h e  same switch, c i r c u i t  breaker, r e l a y  func t ions ,  
they  a r e  inc luded together .  The equat ions generate Caution sensor power 
a v a i l a b l e  and Warning sensor power a v a i l a b l e  booleans t o  t h e  us ing  
term i n  t h e i r  equat ions p r i o r  t o  i n p u t  t o  t h e  Caution and Warning System. 
The i n p u t s  a re  t o  be tes ted  aga ins t  s to red  upper and lower va lue  l i m i t  
t a b l e s  i n  the parameter t e s t  equations. D isc re tes  w i l l  be generated f o r  
each parameter o u t  o f  t o le rance  f o r  d i s p l a y  i n  t h e  crew s t a t i o n .  I n  
a d d i t i o n  a boolean w i l l  be generated as a cue t o  t h e  audio alarm equations 
Crew s t a t i o n  i n h i b i t  switches a r e  t o  be Inc luded i n  t h e  l o g i c a l  t e s t  so 
., 
~ . .  . .  . 
t h a t  d i s c r e t e  alarms can be i so la ted .  
. ~. . .~ . . .  . . 
.. - . . . ~ ~  
The Emergency power equations simulate the  emergency power u n i t  
and i t s  control switches and c i r c u i t  breakers. An emergency sensor power 
available boolean wil l  be generated by the equations f o r  inclusion in  
equations of the using subsystems. Inputs f o r  Emergency alarms from the 
using systems will  then be tes ted against  upper and lower l imi t s  i n  the  enler- 
gency parameter t e s t  equations. The t e s t  equation will  take into  account the 
crew s ta t ion  inh ib i t  switch posit ion.  
DATE 6/23/73 
REV. 
Booleans generated by the a l e r t ,  caution, warning, and emergency 
equations will be included i n  equations i n  the  audio alarm section t o  provide 
cues t o  the  audio devices as t o  which alarms a re  on. Volume control of the  
intercom speakers f o r  the  alarms will  be a hardware control. 
The instrumentation signal conditioning of Caut'ion and Warning Sub- 
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system parameters wil l  be accomplished using sensor and display logic  booleans 
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from the Electrical  Power Subsystem f o r  crew s t a t i on  display,  f o r  reinput t o  
the Caution and Warning Subsystem, or  f o r  input' t o  the  Telemetry Subsystem 
Multiplexer Program. The equations of the Caution and Warning Subsystem will  
be repeated f o r  each u n i t ,  e i t he r  by programmed loops o r  by repe t i t ive  equations, 
whichever requires the  l e a s t  amount of computer time and core. Required mal- 
functions for  the Caution and Warning simulation are  t o  be designed in to  the 
simulation f o r  min imum computer impact. 
FIGURE 4.3.511 Caution and Yarning System 
Datc 6123/1i 
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4.3.5.2 Supplementary Display (10s) 
The IOS will be provided w i t h  real-time software controlled CRT 
displays. The following display descriptions a r e  considered as desirable  
ins t ructor  aides,  however the  design will be highly dependent on the f ina l  
hardware selection.  
For prelaunch a display will be provided f o r  the Ground Support 
Checkout function. This display   ill be a functional simulation of the 
in te r face  performed by GSE equipment and will allow the inst ructor  t o  monitor 
the  launch vehicle s imilar  t o  the  GSE monitor. 
Telemetry displays will  be provided by both simulated on-board 
systems and by the TIM Multiplex program f o r  both integrated and non-integrated 
t ra ining w i t h  the  Mission Control Center. 
A display will be provided t o  generate a presentation f o r  a Ground 
Controlled Approach simulation. Because there  i s  no requirement t o  t r a i n  
GCA control lers  o r  ins t ruc tors  as  control lers ,  the presentation will be i n  the 
- 
form of d ig i ta l  correction fo r  the  ins t ruc tor  t o  communicate t o  the  pi lot .  This 
would simulate a GCA landing. .~~ 
~. 
An FAA tracking radar coverage could be generated f o r  t ra ining 
p i l o t s  i n  f l i g h t  pattern in a i r  corridors and f l i g h t  t r a f f i c  holding patterns.  
A graphic terminal display of the energy management foo tpr in t  could 
' be generated showing the r e l a t i ve  headings of t h e  nearest  landing s i t e  
following a de-orbit,  re-entry, or  landing approach. 
With graphic display capabi l i ty ,  simplified flow char ts  or  schematics 
could be generated t o  provide the ins t ruc tor  with ins tan t  recal l  f o r  any 
par t icu la r  system o r  component. ~~ . 
. . , . ~. . .~ 
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System i n te rna l  da ta  and o v e r a l l  system response d i sp lays  w i l l  be 
supp l ied  as  t h e  by-product o f  t h e  sof tware engineers'development and system 
checkout o f  the s imulat ion.  Refer  t o  Sect ion  4.3.7.7. 
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4.3.5.3 Supplelilentary Cont ro l  (10s) 
The IOS w i l l  be prov ided w i t h  t h e  c a p a b i l i t y  o f  c o n t r o l l i n g  the  
- 
f u n c t i o n s  normal ly  under GSE c o n t r o l  dur ing  t h e  s i m u l a t i o n  o f  t h e  p r e f l i g h t  
phase o f  t h e  veh ic le .  These c o n t r o l  f unc t i ons  w i l l  be presented t o  t h e  
i n s t r u c t o r  by a  CRT so t h a t  t h e  f u n c t i o n  i s  c l e a r l y  understood and may be 
e a s i l y  used. 
The f u n c t i o n  o f  Miss ion  Contro l  through t h e  Up-Link Command Subsystem 
w i l l  be prov ided t o  the  i n s t r u c t o r  by bo th  system f u n c t i o n  and by coded t a b u l a r  
en t r y .  P rov i s ion  w i l l  be made i f  poss ib le  t o  avo id  having t h e  i n s t r u c t o r  
e n t e r  b i n a r y  coded data f o r  these comiand f u n c t i o n s  and t o  p rov ide  b i n a r y  
code i n s e r t i o n  f o r  coded command symbols o r  alpha numerics. 
The I O S  w i l l  be prov ided w i t h  spec ia l  d i s p l a y l e n t r y  page formats 
so t h a t  sof tware data pool may be accessed and modi f ied.  
. -. ~ 
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4.3.5 .4  Operat ional  Ins t rumenta t ion  Cond i t inn inq  Subsystem 
The power c o n d i t i o n i n g  u n i t s ,  t ransducer Dower suppl ies,  and 
t h e  associated power f o r  s i a n a l  c o n d i t i o n i n g  o f  measured and d i s p l a y  
parameters w i l l  be s imulated us ing  o n l y  dynamic b i l e v e l  parameter 
measurements. These measurements read t h e  nominal va lue  o r  t h e  
minimum value i f  d isab led  by mal func t ions  entered o r  by l oss  o f  
power t o  the u n i t .  
I The program w i l l  s imu la te  convers ion o f  DC power f rom t h e  main 
buses t o  DC power a t  vo l tages requ i red  by i ns t rumen ta t i on  DC power 
system loads. Th i s  s i m u l a t i o n  w i l l  i nc lude  power suno l i es  such as 
+ 5, + 24,  + 28 v o l t  supo l ies  and loads s u c h a s  d i s n l a y  t rans-  
- -
ducers and s i g n a l  c o n d i t i o n i n g  eouipment. A l l  major  comoonents such 
as DC-DC conver ters,  transducers, and s i g n a l  c o n d i t i o n i n g  equipment 
. .  . ~~ 
w i l l  be s imulated us ing  Boolean terms represent ing  t h e  s t a t e  o f  
c i r c u i t  breakers and swi tches o f  t h e  major components. 
. .. 
~ ~ . .  .. - - - .  
e 
The program w i l l  per fo rm the  dynamic b i l e v e l  c a l c u l a t i o n s  o f  
t h e  reou i  red  supply vo l tages  and equipment ope ra t i ona l  s ta tus .  
The system w i l l  a l s o  prov ide  the  computed l o a d  parameters t o  t h e  
oower bus l oad ing  subsystem f o r  bus conductance computations and 
t o  the  ECS sub-system f o r  heat  loading.  S igna l  c o n d i t i o n i n g  o f  
parameters f o r  t e lemet ry  processing w i l l  be s imu la ted  hy  each 
system checking a  Boolean- term represent ing  " s igna l  c o n d i t i o n i n g  
. . . ~ 
- 4  
equipment ope ra t i ona l " .  ~ .~ .. -~ ~ . .. . ,.- ~~ 
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Individual components of t he  DC-DC converters, transducers, 
and signal conditioning equipment will not he simulated. Dynamic 
mu1 t i  level uarameter calculations will  not be necessary since 
un i t  i n p u t  power i s  not monitored. A converter OIVOFF Boolean 
w i l l  be used t o  calculate  converter temperature s ince the heat 
generated by the converter i s  assumed t o  he constant when the 
converter i s  operational. The overall e f f ec t  of simulation 
wi l l  be t h a t  the un i t  is e i the r  t o t a l l y  operational or  completely 
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4.3.6 Guidance, Navigat ion,  and Contro l  
I n  t h i s  sect ion,  t h e  conceptual designs f o r  t h e  s h u t t l e  v e h i c l e  
Guidance, Navigat ion, and Cont ro l  (GN&C) System a r e  presented, except f o r  t h e  
on-board Guidance computers, f l i g h t  sof tware,  and associated i n t e r f a c e  equipment. 
The s imu la t i on  o f  t h e  on-board computers and t h e i r  i n t e r f a c e  equipment i s  
discussed i n  the  Hardware Conceptual Design document. The remainder o f  t h e  
Guidance, Navigat ion,  and Contro l  System comprises n a v i g a t i o n  and c o n t r o l  sensors 
and t h r u s t  vector /aerosur face c o n t r o l  subsystems. Sensors discussed below are 
t h e  I n e r t i a l  Eleasurement Un i t ,  S ta r  Tracker,  Horizon Sensor, A i r  Data Computer, 
body-mounted r a t e  sensors, and body-mounted accelerometers. Other c o n t r o l  
subsystems considered a r e  t h e  Main Propu ls ion  System Thrus t  Vector Contro l ,  
O r b i t a l  Maneuvering System Thrus t  Vector  Contro l ,  Boost S o l i d  Rocket Motor 
Thrus t  Vector Contro l ,  and Aerosurface Cont ro l .  The conceptual design o f  t h e  
genera l i zed t a r g e t  v e h i c l e  guidance system i s  a l s o  presented here in .  A l l  
funct ions performed by on-board computer f l i g h t  so f tware  are  covered i n  t h e  
I 
Hardware Conceptual Design. Since coup l i ng  o f  GN&C subsystems o r d i n a r i l y  takes 
p lace through t h e  on-board computer, (e.g., IMU and S t a r  Tracker  du r ing  p la t fo rm 1 
rea l ignment)  they are presented h e r e i n  as e s s e n t i a l l y  independent subsystems. I 
The c o n f i g u r a t i o n  o f  t h e  GNeC s imu la t i on  i s  i l l u s t r a t e d  below: 
i 
< 
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4.3.6.1 IllU 
The If-IU siniulation wil l  sir~rulate the  operation of each of the 
on-board Iner t ia l  Measurement Units. The operation of each of the  redundant 
devices will be simulated independently and simultaneously. I t  i s  not 
currently c lear  whether the s h u t t l e  will  use gimballed or  strapdown IMUs. 
A gimballed It1U used on the shu t t l e  vehicle would be a four-gimballed, 
"a l l -a t t i tude"  device, possessing one redundant gimbal t o  protect  against  
loss  of i ne r t i a l  reference during "gimbal lock". Inputs t o  a sinlulation of 
a gimbal led IMU will  include vehicle body acceleration (not including 
gravity - from Translational EON), vehicle rota t ional  s t a t e  (Rotational 
EOM),  moding commands, gimbal and gyro torqueing commands (on-board computers), 
e l ec t r i ca l  power avail able, ECS temperature control capacity avai lable ,  
ins t ructor  inputs, and crew s ta t ion  switch and c i r c u i t  breaker s ta tus .  
Outputs from the gimbal led IMU simulation wil l  include current gimbal angle i I 
resolver outputs, platform accelerometer outputs, power load, heat load, 
bui l t - in  t e s t  equipment outputs, and crew s ta t ion  outputs (FDAI,  caution and 
warning, etc.) .  I t  i s  assumed t h a t  an IMU thermal control subsystem .ex is t s ,  i 
i n  order t o  minimize temperature-related biases t o  achieve acceptable accuracy. 
I f  i t  ex i s t s ,  i t  must be functionally simulated. Heat added t o  the  IMU by 
s ign i f ican t  sources will be estimated as  a function of e l ec t r i ca l  power drawn 
I 
i 
by those sources. , Effects of surrounding gas temperature will  b e  included. 
Heaters, i f  they e x i s t ,  will  a lso be simulated in t h i s  fashion. tleat I 
! 
t ransferred t o  coolant will be calculated as  a function of IMU temperature, 
i 
coolant s t a t e  and blower s t a t e .  Thermostatic control of heaters atid blowers 
will  be simulated. Power loads due t o  heater o r  blower operation will  be 
, , , , . 
, , ,  
. ~~~ ~ . .  .. . ' . .  . . . . . f -  - - ,  
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s t a b i l i z a t i o n  loops. T h i s  has been sa fe  because, a t  most a t t i t u d e s ,  s tab  
l oop  dynamics were n o t  s i g n i f i c a n t l y  no t i ceab le  t o  t h e  crew o r  computer i n  I i 
t h e  three-g imbal led p la t fo rms  used. I n  t h e  s i t u a t i o n s  wherein s tab  l oop  
dynamics become n o t i c e a b l e  i n  such p la t fo rms,  a t  ve ry  h igh  midd le  gimbal 
~ ~ i ~ . .  ~~. ~ ~ .~. 
. . . ~ .  
. . 
prov ided t o  t h e  s imu la ted  E l e c t r i c a l  Power System. IMU temperature w i l l  be 
c a l c u l a t e d  from heat  added t o  t h e  IMU and heat  t r a n s f e r r e d  t o  t h e  coo lan t .  
A l l  IMU opera t iona l  modes w i l l  be  simulated, i n c l u d i n g  modes i n  which t h e  
p l a t f o n  s t a b i l i z a t i o n  loops a r e  opened. Iihen i n  cage ciode, t h e  p l a t f o r m  
angles w i l l  be re tu rned  t o  n u l l  and mainta ined there. Gimbal to rque ing  
commands ( i f  t h e  c a p a b i l ' i t y  e x i s t s )  and power f a i l u r e  e f f e c t s  w i l l  be s imulated,  
and t h e  r e s u l t i n g  p l a t f o r m  o r i e n t a t i o n  w i t h  respec t  t o  i n e r t i a l  space maintained. 
When t h e  s t a b i l i z a t i o n  loops a r e  c losed (nornial opera t ion) ,  gyro d r i f t s  w i l l  
be c a l c u l a t e d  and propagated through t h e  s imu la t ion .  D r i f t  sources w i l l  
i n c l u d e  f r e e  b i a s  and random d r i f t ,  a c c e l e r a t i o n  s e n s i t i v e  (mass unbalance) 
d r i f t ,  and accelerat ion-squared s e n s i t i v e  ( a n i s o e l a s t i c )  d r i f t .  Dependence 
o f  d r i f t  p r o p e r t i e s  upon gyro  temperatures w i l l  be simulated. Acce le ra t i on  
components i n  gyro i n p u t ,  sp in,  and ou tpu t  axes w i l l  be.obta ined f rom 
t h e  accelerometer s i m u l a t i o n  i n  p l a t f o r m  axes, and be cond i t ioned by a  m a t r i x  
represent ing  gyro  misal ignments. D r i f t  p r o p e r t i e s  w i l l  be supp l ied  us ing  
random numbers, and w i l l  e x h i b i t  proper  s tandard d e v i a t i o n  and a u t o c o r r e l a t i o n  
when appropr iate.  The i n s t r u c t o r  w i l l  be g i ven  t h e  a b i l i t y  t o  vary s t a t i s t i c a l  
p rope r t i es ,  o r  o v e r r i d e  randomly va ry ing  parameters w i t h  constants, f o r  each 
gyro. Carouse l l ing  e f f e c t s  w i l l  be inc luded i f  appropr iate.  Gyro displacements 
. . 
due t o  gyro to rque ing  w i l l  be c a l c u l a t e d  as f u n c t i o n s  o f  conwand and c u r r e n t  
s c a l e  fac to r  ( i n c l u d i n g  temperature dependence and o t h e r  d ispers ions) .  
Previous spacecraft  t r a i n i n g  s imu la t ions  have ignored t h e  dynamics o f  I M U  
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angles, accurate simulation has been unnecessary. On t he  Apollo CSM IMU, f o r  
example, t he  s t ab  loops were opened a t  a middle gimbal angle of 8 5 O .  A 
four-gimballed IMU does not have the same "gimbal lock" problem as the three- 
gimballed device, b u t  the real-world s tab  loops do tend t o  demonstrate in te res t -  
ing (and undesirable) dynamics when the non-redundant middle gimbal angle i s  a t  
or  near 90°,  ef fec t s  called "gimbal f l i p . "  Incidentally,  w i t h  the proper time 
his tory of ra tes ,  i t  i s  possible t o  obtain "gimbal lock" type e f fec t s  on a 
four-gimbal led platform, when, f o r '  instance,  the  redundant inner gimbal h i t s  
1 I 
hard stops.  I t  could happen. The exact e f f ec t s  of "gimbal f l i p "  are  dependent 
I 
on such parameters as amplifier  gains, motor torques, etc.,  and can be ameliorated ' 
by judicious choices thereof. Moreover, i t  may be possible during IMU design I 
t o  f ind an axis  (and s t ab l e  member alignment) along which vehicle a t t i t ude  i s  
i 
unlikely t o  remain long i n  a 90" of f se t  condition, especial ly  during c r i t i c a l  1 
periods. Thus ,  the "gimbal f l i p "  e f f ec t s  may be f a i r l y  unlikely t o  occur. 
Balanced against t h i s  i s  the f a c t  t h a t  s t ab  loop dynamics a r e  notoriously d i f f i -  
i 
I 
c u l t  t o  simulate i n  real-time due t o  high loop gains and, during "gimbal f l i p , "  i 
very f a s t  changing trigonometric cross-coupling e f fec t s .  Sampled-data methods i 
can help, b u t  the problem i s  a s t i cky  one nevertheless. I t  is herein assumed 1 
t h a t  by amplifier  adjustment and judicious axis/alignment choice, the  "gimbal i I 
f l i p "  problem can be reduced well below the point a t  which simulation thereof 
i 
i s  j u s t i f i ed  f o r  t ra ining simulation. Thus, s t ab  loop dynamics are  ignored. 
This conclusion should be reviewed a t  a l a t e r  s tage i n  s h u t t l e  design. Hence, 
i I
I 
t h e  transformation matrix from i n e r t i a l  coordinates t o  the  t rue  platform ! 
wil l  be calculated d i r ec t ly  from the gyro d r i f t s ,  gyro torqueing angles, I I 
1 
carouselling ( i f  any), and the previous value of the  matrix. Perfect  s t ab  loops 1 
., I 
a re  t h e n  assumed. The direct ion cosine matrix from rotat ional  EON will  then be 
~. . . 
used t o  obtain the body t o  platform matrix, from which gimbal angles (properly 
> ,  
, .~ ~ . .. .~ . . . . . -  . . -. ~ , . , 
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quantized) and FDA1 drive s ignals  will  be obtained. The platform mounted 
accelerometers will  be simulated as operational when power i s  avai lable  and 
breakers are  properly configured. Body accelerations from Tranlational EOM 
wil l  be transformed t o  t rue p l a t fom coordinates (including carousel l i ng ,  i f  
appropriate). Accelerometer e r rors  modeled wil l  include bias  and noise, scale  
f a c t o r  e r ror ,  misalignment, and sca le  f a c t o r  non-linearity. Off-nominal tempera- 
tu re  e f fec t s  will  be included as appropriate. Correct s t a t i s t i c a l  properties 
will  be exhibited. Inst ructor  control over the  accelerometer e r r o r  model will 
be s imilar  t o  his  control over the  gyro e r ro r  model. Sensed acceleration will 
then be quantized f o r  t ransfer  t o  the  on-board computer.. I f  a non-destruct 
readout, o r  a destruct  readout which nevertheless ca r r i e s  over f rac t iona l  par ts  
of quanta is used, t h i s  feature  wil l  be simulated. The conceptual design of 
the simulation of each gimballed IMU is sketched i n  Figure 4.3.6.1-1. 
. ~ .   . ~~ ~ 
~~~ ~ ~ 
a. 
. . , .~ . . . . 
. . 
* 
. . .~ .. . .. . 
~~ . 
* ,. 
. . 
. , , 
. . . . . . .. 
. . .  
. . ~~~ ~, . ~ . -. . . I 
. ~ .. . 
, , 
v 
A ~~ ... . ~ . . 
i 
~. . . 
., 
. . . .~ 
. .. 
, , 
~, , , . 
! . , 
~.~ . , .  -. , 
. , 1 , . i ; . . . . . : . . . . . . : . . _ .- . ~~. , 
! , 8 ; , , ! : s l , ' :  . , ! .  . ~ 
. , 
THE S I N G E R  COMPANY 
S I M U L A T I O N  PRODUCTS O l V l S l O N  . 
BINGHAMTCU. NEW YCUU 
PAGE NO. 4.3-161 
R E P .  NO. 
Parer avai lable 
Date 6/23/13 
Page No. 4.3-162 
M e . .  
r 
Gvro toraue ~ n d q  
Paver available 
- 
C i m u i t  breakers ' I W  Pawer Load 
* . 
Pcwer load , 
1W Temperature Gyro D r i f t  and Torqueing 
' fl(TIw, power loads. + + 
surrounding gas temperature, e d r i f t  ' fl(abp, random nmbers, TIMU) Surrounding temperature, 
coolant s ta te  coolant state, qlMUT) b ztorque = f2(power available, breakers, (ECSI 
PlIW f2(TIMU power available, torqueing comnd .  TIN,,,
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FIGURE 4.3.6.1-1 
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Symbol Dictionary f o r  Figure 4.3.6.1-1 
-b 
a b Shuttle body acceleration 
(without gravi ty)  
-+ 
a 
bp Shut t le  body acceleration 
i n  platform coordinates 
-+ 
a IMUacc IMU actual sensed acceleration 
-f 
e d r i f t  IMU gyro d r i f t  
-+ 
etor  que IMU gyro torqueing angles 
CMlplat True platform t o  i n e r t i a l  
transformation 
IMU power load 
IMU temperature control 
power load 
I M U  heat l o s t  t o  coolant 
Shut t le  a t t i t ude  direct ion cosines 
Platform t o  body transformation 
Accelerometer e r r o r  vector 
Indicated gimbal angles 
Shuttle angular veloci ty  
A strapdown IMU is  a device using gyros and accelerometers r ig id ly  connected to  
- 
DATE 6/23/73 
REV.  
the vehicle,  The use of redundant t r i a d  o r  dodecahedron instrumentation arrays ,  
mechanization of f a i l u r e  detection,  and location of data processing are not c lear ly  
defined. A conceptual design of the sensor portion of the  strapdown IMU is  
described i n  the following sentences, w i t h  the assumption t h a t  f a i l u r e  detection 
and measurement processing i s  handled by the on-board guidance computers. This 
assumption may be invalid.  Inputs t o  the simulated strapdown IMU wil l  include 
vehicle body acceleration (not including gravi ty  - from translat ional  EOM) , vehicle 
angular ra tes  (Rotational EOM), e l ec t r i ca l  power avai lable ,  ECS temperature 
control capacity avai lable ,  ins t ruc tor  inputs,  and crew s ta t ion  switch and c i r c u i t  
breaker status.  Outputs from the strapdown IMU simulation wil l  include current 
gyro and accelerometer readouts, power load, heat load, and crew s t a t i on  outputs 
(caution and warning, e t c . ) .  A temperature control system will be simulated, i f  
i t  e x i s t s ,  i n  a s imilar  fashion t o  t h a t  described f o r  the gimballed IMU. Current 
THE S I N G E R  COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
BINWAWCN. NEW YORK 
vehicle angular velocity is  obtained, and i t s  components in  each gyro axis  system 
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( input,  spin,  output) a r e  found. All d r i f t  e r ro r  sources l i s t e d  f o r  gimballed 
platform gyros will  be included, as well as rate-dependent sca le  fac tor  errors  
and rate-squared-dependent sca le  f ac to r  non-linearit ies.  Temperature dependence 
will be modelled as  appropriate. S t a t i s t i c a l  properties and ins t ruc tor  in te r -  
vention will  be provided as described i n  the gimballed IMU conceptual design. 
Resulting gyro outputs, obtained from angular veloci ty  i n  sensor axes and gyro 
d r i f t ,  will be quantized correct ly  f o r  transmission t o  the  on-board computers. 
Body accelerations will  be rotated t o  accelerometer coordinates f o r  each device, 
and the accelerometer e r ro r  model discussed under gimballed IMU1s applied. 
Sensed accelerations will  be quantized correct ly  f o r  the  use of the on-board 
computers. The strapdown IMU conceptual design i s  sketched i n  Figure 4.3.6.1 .-2. 
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- [ 1HU Temperature 
Enter 20 T~~ "I(~IHU, parer loads, 
surrounding gas temperature, 
coolant state,  qlMUT1 
PIIMUT = f2(TINU. p a e r  avai lable)  
qlMUT = f3(TIMU, parer ava i l  able, 
c w l a n t  state, c i r c u i t  
breakers, malfunctions) 
r --------- - ----------- d ------------------- ---- 
I 
- 
I t y r o  
I Rotate Angular Veloci ty  - Gyro D r i f t  Gyro Outputs 
b 
I t o  Gyro Coordlnater 
- egyro ' f('gyro,edrift. ' d r i f t  - fGb,T~MU. 
+ p w e r  avbilable, 
'gyro. 
randm numbers breakers, malfunc- I + t i ons )  I Angular ve loc i ty  Body accel . I I (Rot EOM) (Tr. EOM) Heat L--1. ----- -------------------------- 
Load Power avai lable 
Breaker status 
1 
PERFORM FOR EACH ACCELEROMETER \ 
------ -------------- ----- ------ ---- 7 
Parer avai lable 1 
Rreaker status FIGURE 4.3.6.1.4 
1 4 EXIT i I* 
1 
T 
' 
Rotate Acceleration t o  Accelero- 
meter Coordinates 
dbacc ' f($,) ' 
I 
- 
!MU Parer Load 
PIIMU - f (pwer  avatlabie, 
Acceleromater Outputs 
"acerr ' f l ( ; ; bacc ,T~~ .  randm ' 
I 
I ~ o d y  accel. 
- ' I (rr. EON) 
I Malfunctions 
I b 
I 
I 
I 
c i r c u t t  breakers. 
' ' 
numbers, malfunctions) 
I 
I 
i I L -------------- - -  - -- - -  - - - - - 
P~ IMUT) 
+ I 
'IMU?CC ' f2(abacc, Aaacerr, 
power available, breakers 
malfunctions) 
1 1. 
, 
Power load b 
tar 
loutputs 
, . 
I 
i 
lower frequency by the more-detailed simulation outl ined above. I f  time is shor t ,  
I 
I 
2 
the  accelerometer readout loop could probably be i t e r a t ed  a t  a lower r a t e ,  perhaps 1 
10 per second. 
, 4.3.6.2 S ta r  Tracker 
The S ta r  Tracker simulation will simulate the  operation of each of the  1 
s h u t t l e  vehicle s t a r  trackers.  The operation of each of the redundant devices 1 
wil l  be simulated independently and simultaneously. Detailed design data i s  not I 
I 
abundant on the device t o  be used, so  a number of assumptions have been made below. I 
Inputs t o  the  s t a r  t racker  simulation will  include s t a r  tracker moding commands 
~. 
, , 
. ~ .  
< ~ 1 ,  , . , , , . , ,  
, , .. . , , . . . . . .  L-.- .... .L ~ ~ ~ . ,  . . ~ 
. . 
. . 
. . , . . . . . 
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Symbol Dictionary f o r  Figure 4.3.6.1.-2. 
+ 
ab Shut t le  body acceleration q1m IMU heat l o s t  t o  coolant 
(without gravity , 
*aacerr Accelerometer e r ro r  
-. 
abacc Shut t le  body acceleration i n  e gyro Gyro output 
-+ 
accelerometer coordinates w Shutt le  angular velocity 
3 
a ~ ~ ~ a c c  Actual acceleration sensed by o gyro Shuttle angular velocity 
accelerometer i n  gyro coordinates 
edri f t gyro d r i f t  
IMU power load 
 pi^^^ 
'IIMUT IMU temperature control 
power load 
I te ra t ion  r a t e s  of 20 per second are  c i ted  f o r  the IMU simulation. 
These r a t e s  correspond t o  the  rotat ional  EOM update r a t e ,  On-board computer update 
r a t e s  could force an a l t e r a t ion  i n  IMU i t e r a t ion ,  or, a l te rna te ly ,  render advis- 
able a high speed, simplified approximation loop which would be corrected a t  a 
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(on-board computer), s h u t t l e  body a t t i t u d e  ( r o t a t i o n a l  EOM), c e l e s t i a l  body 
p o s i t i o n s  (ephemeris), v e h i c l e  i n e r t i a l  p o s i t i o n  ( t r a n s l a t i o n a l  EOM), power 
a v a i l a b l e  (EPS) , and crew s t a t i o n  s w i t c h / c i r c u i  t breaker  se t t i ngs .  Outputs w i l l  
i n c l u d e  azimuth and e l e v a t i o n  o f  s t a r  o r  beacon be ing  tracked, device power load, 
b u i l t - i n  t e s t  equipment outputs, and crew s t a t i o n  ou tputs  ( cau t i on  and warning, 
etc . ) .  I t  i s  assumed t h a t  t h e  s t a r  t r a c k e r  possesses two bas i c  opera t iona l  
modes, search and t rack .  I n  search mode, the  b r i g h t e s t  l i g h t  source w i t h i n  a  
smal l  p o r t i o n  o f  the  device f i e l d  o f  v iew centered about a  p o i n t  commanded by  
the  on-board computer w i l l  be acquired. I f  no l i g h t  source o f  s u f f i c i e n t  magni- 
tude e x i s t s  i n  t h a t  region, t h e  e n t i r e  f i e l d  o f  v iew w i l l  be scanned and the  
b r i g h t e s t  o b j e c t  acquired. Upon a c q u i s i t i o n ,  t h e  s t a r  t r a c k e r  switches t o  t r a c k -  
i n g  mode, and t racks  t h e  acqu i red  l i g h t  source, w i t h i n  a  very  smal l  p o r t i o n  o f  
t h e  f i e l d  o f  view. I t  i s  a l s o  assumed t h a t  the computer can p lace t h e  device i n  
an i n a c t i v e  mode. llhen a  t r a c k e r  i s  ac t i ve ,  t h e  t rans format ion  between t r a c k e r  
!ATE 6/23/73 
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b o r e s i g h t  coord inates and t h e  i n e r t i a l  re fe rence coord ina te  system i s  ca lcu la ted .  
P o s i t i o n s  o f  ear th,  sun, and moon are  found i n  t h e  sensor coord ina te  system. I t  
i s  assumed t h a t  the presence o f  t h e  sun, i l l u m i n a t e d  moon, o r  i l l u m i n a t e d  e a r t h  
i n  o r  near  t h e  t racke r  search o r  t r a c k  f i e l d  o f  v iew w i l l  cause i n te r fe rence .  I t  
i s  f u r t h e r  assumed t h e  t r a c k e r  can de tec t  t h i s  i n t e r f e r e n c e  and w i l l  send an e r r o r  
d i s c r e t e  when i t occurs. When t h e  e n t i r e  f i e l d  o f  v iew i s  occu l ted  by  a  darkened 
ear th ,  i t  i s  assumed t h a t  t h e  t r a c k e r  w i l l  r e v e r t  t o  and remain i n  search mode. 
I f  t h e  t r a c k e r  demonstrates d i f f e r e n t  behavior  i n  those s i t u a t i o n s ,  i t  w i l l  be 
approximately s imulated ins tead.  It should be noted t h a t  the  proposed on-board 
computer sof tware has l o g i c  which w i l l  prevent  any o f  these e r r o r  cond i t i ons  
f rom occu r r i ng  except i n  extreme IMU o r  computer m a l f u n c t i o n  cases. Thus, p rec i se  
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s imu la t i on  the reo f  should n o t  be necessary. The t r a c k e r  should n o t  work 
normal ly  i n  case o f  such severe mal funct ion,  however, so t h e  c o n d i t i o n  must be 
detected and i t s  e f f e c t s  approximated. I n  search mode, a  t a b l e  o f  s t a r  pos i -  
t i o n s  and magnitudes w i l l  be used t o  determine w h i c h s t a r s  are  w i t h i n  t h e  f i e l d  
o f  view. Planets i n  t h e  f i e l d  o f  v iew w i l l  be determined us ing  ephemeris data. 
V i s i b l e  t a r g e t  v e h i c l e  t r a c k e r  beacons w i t h i n  t h e  f i e l d  o f  v iew w i l l  be noted. 
us ing  r e l a t i v e  p o s i t i o n  i n fo rma t ion  obta ined f rom s h u t t l e  v e h i c l e  and t a r g e t  
v e h i c l e  t r a n s l a t i o n a l  EOM. Target  v e h i c l e  t r a c k e r  beacons w i l l  be a c t i v a t e d  by 
r e s e t  terms o r  i n s t r u c t o r  i n p u t .  The b r i g h t e s t  o b j e c t  w i t h i n  t h e  a p p l i c a b l e  
p o r t i o n  o f  t h e  f i e l d  o f  v iew w i l l  then be selected.  P r o v i s i o n  w i l l  be made t o  i 
avo id  s e l e c t i n g  an occu l ted  ob jec t .  Br ightness o f  s t a r s  and p lanets  w i l l  be 
obta ined from r e s e t  constants, w h i l e  t a r g e t  v e h i c l e  beacon br igh tness  w i l l  be I 
ca l cu la ted  as a  f u n c t i o n  o f  range. I f  no o b j e c t  o f  s u f f i c i e n t  b r i gh tness  i s  1 
found w i t h i n  the  r e s t r i c t e d  search p o r t i o n  o f  t h e  f i e l d  o f  view, a  search o f  the  
e n t i r e  f i e l d  o f  view w i l l  be s i m i l a r l y  simulated. When (and i f )  a  l i g h t  source 
i s  acquired, t r a c k  mode w i l l  be entered. I f  necessary, e n t r y  i n t o  t r a c k  mode w i l l  
be delayed t o  s imu la te  f i n i t e  device search scan t ime (est imated a t  1  second f o r  
a  search o f  t h e  t o t a l  f i e l d  o f  view). Whi le t h e  device remains i n  t r a c k  mode, 
t h e  l i g h t  source w i l l  be t racked  u n t i l  i t  leaves t h e  s t a r  t r a c k e r  f i e l d  o f  view, 
becomes occul ted,  o r  en ters  t h e  i n t e r f e r e n c e  r e g i o n  o f  sun, moon, o r  i l l u m i n a t e d  I 
ear th.  If, w h i l e  t r a c k i n g  a  t a r g e t  v e h i c l e  beacon, another c e l e s t i a l  o b j e c t  
which i s  a  more b r i l l i a n t  l i g h t  source enters  t h e  approximate t r a c k i n g  v iew I i 
f i e l d ,  the  s t a r  t r a c k e r  w i l l  i ns tead  cont inue t o  t r a c k  t h e  c e l e s t i a l  body. I f  
the  t racked o b j e c t  i s  s t i l l  be ing  t racked,  i t s  azimuth and e l e v a t i o n  angle are 
ca lcu la ted . '  S t e l l a r p o s i t i o n s  used f o r  these c a l c u l a t i o n s  w i l l  i n c l u d e  the  
I 
e f f e c t  o f  abberat ion. 
. .  . ~ 
The position will be obtained i n  boresight coordinates, from which azimuth 
and elevation will be calculated,  including the e f f ec t s  of sensor misalignment, 
t racker  noise e r ro r  as a function of apparent magnitude, and sca le  fac tor  e r ror .  
Inst ructor  control over s t a t i s t i c a l  properties i n  the e r r o r  model will  be 
provided. O u t p u t  values wil l  be quantized as appropriate. Since the on-board 
computer contains calculations t o  ensure t ha t  no s t a r  i s  tracked whose apparent 
direct ion i s  t ha t  of the ea r th ,  refract ion due t o  ear th  atmospheric e f fec t s  i s  
not a problem in nominal or near-nominal operation. I t  could be s ign i f ican t  i n  
I 
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severe malfunction cases, however. Thus, a simple refract ion model will  be used 
on directions of s t a r s  whose l i g h t  passes through a s ign i f ican t  level of the 
ear th  atmosphere, in order t o  assure the existence of some dispersion i n  t h i s  
case. There i s  current ly  no data available on influence.of temperature upon 
device dispersions o r  the  existence of a device temperature control subsystem. 
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Thus, such e f fec t s  have been omitted. This may have t o  be a l tered as fur ther  
data becomes available.  I t  appears t ha t  the on-board computer may interrogate  
t he  s t a r  tracker angles a t  any time. Presumably, during s t a r  tracker use, body 
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r a t e s  would be small--on the order of a 0.1 degree/second. Hence. in  50 mi l l i -  
seconds, motion of 36 arc-seconds could occur. Anticipated s t a r  t racker  resolu- 
t ion is 30 arc-seconds. As the IMU i s  updated each 50 milliseconds, i t  appears 
t h a t ,  t o  obtain reasonable realignment measurement simulation, the  s t a r  tracker 
angles must be updated a t  t h e  same ra te .  I f  time i s  c r i t i c a l ,  su f f i c i en t  
accuracy could probably be obtained by extrapolation by integrat ing using body 
r a t e s  d i r ec t ly ,  and updating a t  slower in te rva ls  with t he  f u l l  program. A t  
t h i s  time, however, a 50 millisecond update time i s  used. The conceptual design 
. .-. ............. 
f o r  a s t a r  tracker is sketched i n  Figure 4.3.6.2.-1. 
. . . . .  
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Symbol Dictionary f o r  Figure 4.3.6.2-1. 
. ~. . .. 
h Shuttle a l t i t u d e  . 
C M 1 ~ ~  Iner t ia l  t o  sensor coordinate 
transformation 
P l s t  Star  t racker  power load 
-+ 
r Shuttle vehicle posit ion vector 
* 
r~~ 
Target vehicle position vector 
+ 
'bri t e  Direction of br ightest  object  
-+ 
'est Earth d i rec t ion ,  sensor 
coordinates 
-+ 
"m 
Moon d i rec t ion ,  i n e r t i a l  
coordinates . ~ .  .~
-+ 
'mst Noon posit ion,  sensor coordinates 
-+ 
Planetary positions , i ner t i  a1 
I 
"PI anets 
. .  . . . .~ 
~. ~~ . ~ 
coordinates 
-+ 
's 
Sun d i rec t ion ,  i ne r t i a l  
coordinates % 
-+ 
~- ~ - . . .  ~. 
"SC 
Center of search area 
-+ 
"sst Sun direct ion,  i n e r t i  a1 
coordinates 
-t 
'trck posit ion of object  being tracked, 
sensor coordinates 1 
. . . ~  . , 
Aberration parameter I 
vces 
. . 
[Y 1 Shuttle vehicle a t t i t ude  direct ion cosines 
.- . 
. , 
: . ,  
. . 
i 
. .~ . ~ . ~  
. , '  
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' I  , . .  < ' , , , ,  , . ,  , , , . . 
THE S I N G E R  COMPANY 
S I M U L A T I O N  PRODUCTS D I V I S I O N  - 
I . '  
B INMPIMTCN. NEW Y M  
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
4.3.6.3 Rendezvous Radar 
The rendezvous radar  subsystem w i l l  s imu la te  t h e  opera t ion  o f  each o f  
t h e  s h u t t l e  v e h i c l e  on-hoard rendezvous radar  subsystems i n  multi-modes. 
Passive f r e e - f l i g h t  payloads are  detected by " sk in "  t rack ing .  The t a r g e t  may 
be enhanced by transponder. The two major o r b i t e r  assemblies are  the  on-board 
av ion i cs  and t h e  deployable assembly. The deployable assembly i s  stowed 
I REV. A 12/21/73 BINGHAMTON. M W  YORK 
i n s i d e  t h e  payload bay area w i t h  j e t t i s o n  c a p a b i l i t y .  The radar  i s  pu l se  
modulated w i t h  a maximum range o f  32 N. M i .  Two modes w i l l  be s imulated--  
search and auto  t r a c k i n g  a f t e r  lock-on. Angular  p o s i t i o n  w i l l  be obta ined from 
REP. NO. 
computation o f  the  antenna angles, angular  r a t e  by s imu la t i on  o f  r a t e  gyros. 
S imula t ion  o f  t h i s  type on-board system i s  n o t  new t o  f l i g h t  s imu la t i on .  Data 
on t h e  r e a l  wo r ld  subsystem t o  be used w i l l  be r e q u i r e d  b u t  l i t t l e  problem 
i s f o r e s e e n  i n  t h e  s imu la t i on .  The above d e s c r i p t i o n  replaces the  Horizon 
Sensors subsystem i n  t h e  basel ine.  The Hor izon Sensors have been de le ted .  
4.3.6.4 Air Data Computer Sensors 
DATE 6/23/73 
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The shu t t l e  o rb i t e r  a i r  data computer sensors wil l  be simulated I I 
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throughout i t s  useful a l t i t ude  range. Inputs to  the simulated on-board computer I 1 
wil l  include pressure a1 ti tude, s t a t i c  atmospheric pressure, dynamic pressure, ! 
and outside a i r  temperature ( shu t t l e  aerodynamics), crew s ta t ion  switch and 
breaker se t t ings ,  p i l o t  barometric correction,  power avai lable ,  and inst ructor  
inputs (malfunctions, e t c . ) .  Outputs wi 11 include parameters output from the 
real-world device t o  the on-board computers and crew displays (pressure a l t i -  
tude, baro-corrected a l t i t ude ,  a l t i t u d e  r a t e ,  computer a i r  speed, t rue  a i r  
speed, mach number, t o t a l  temperature, s t a t i c  temperature, and bui l t - in  t e s t  
indicator  outputs),  and power load. I t  i s  assumed tha t  sensors as inputs t o  
the  on-board computer a r e  required t o  allow the computer t o  compute parameters 
s imilar  to  t h a t  computed i n  a DC-10 type system. I t  i s  assumed tha t  a l l  
control functions a r e  performed by the on-board guidance computers. The resu l t s  
will  be used f o r  SAS gain scheduling and crew displays.  I f  there a r e  no 
other uses, a detai led dispersion model i s  probably unnecessary, especially 
f o r  temperatures. Requirements f o r  simulation of d ig i t a l  f i  1 t e r s  a r e  a1 so 
questionable i n  t h i s  case. I t  wi l l  be assumed herein t h a t  f i l t e r i n g  e f f ec t s  
are  not s ign i f ican t .  I f  required, f i l t e r s  wil l  be adjusted, i f  necessary, t o  
compensate f o r  a change i n  i t e r a t i on  r a t e .  Pressure inputs ( s t a t i c  and t o t a l )  
wi l l  be found from the inputs from shu t t l e  aerodynamics. Noise can be added 
b u t  i s  probably unnecessary. Outputs which a re  a function of the pressure 
terms will  then be calculated w i t h  the  same equations as  those used i n  the 
real-world device (pressure-a1 t i  tude, baro-'corrected a1 ti tude, a1 ti tude ra te ,  ! 
! 
mch, computed air-speed). Temperature dependent parameters will be calculated , 
I 
di rec t ly  from the temperature datum from shu t t l e  aerodynamics, as well as  I 
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p r e v i o u s l y  c a l c u l a t e d  a i r  data parameters, by methods analogous t o  the equat ions 
used by t h e  r e a l - w o r l d  device f o r  an i n p u t  o f  sensed t o t a l  a i r  temperature. A 
20 per  second update r a t e  i s  used he re in  f o r  t h e  s imu la ted  a i r  data sensors. I 
However, i f  t h e  data i s  used o n l y  f o r  t h e  purposes c i t e d  here in,  and w i t h  t h e  
assumed accuracy, i t  would appear t h a t  a 10 p e r  second update r a t e  may w e l l  be 
s u f f i c i e n t .  The conceptual design f o r  the  s i m u l a t i o n  o f  an a i r - d a t a  computer 
i s  sketched i n  F igure  4.3.6.4-1. 
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Symbol Dictionary for  Figure 4.3.6.4.-1 
Hgp i lo t  Pi lot-set  barometric correction 
h~ 
Pressure a1 t i  tude 
h ~ c  Baro-corrected indicated a l t i t u d e  
R E V .  
Indicated pressure a l t i t u d e  I 
Indicated a1 ti tude r a t e  I 
BINGHAMTCN. NEW YORK 
Mind Indicated mach number 
'amb Ambient atmospheric pressure 
'lade Power load due t o  a i r -data  computer 
P t o t  Total sensed pressure on vehicle 
REP. NO. 
1 Dynamic pressure 
S t a t i c  a i r  temperature I 
I 
Ts ta t  Indicated s t a t i c  a i r  temperature 
T t o t  Indicated to ta l  a i r  temperature 
vaSc Computed a i r  speed 
Indicated t rue  a i r  speed 
R E V .  
Rate Sensors 
The r a t e  sensor simulation will simulate the  operation of each of the  
vehicle r a t e  gyros (excepting gyros which comprise a pa r t  of the  primary 
IFIUis) which form a pa r t  of the s h u t t l e  o rb i te r .  Each r a t e  sensor ' s  
operation will  be simulated independently and simultaneously i n  simulated 
real-time. I t  i s  assumed t h a t ,  i n  the  l a t e s t  known s h u t t l e  real-world 
GN&C configuration, these r a t e  sensors serve only t o  provide r a t e  feed- 
back i n  the  vehicle control loop, s imi la r  t o  the  Saturn body-mounted r a t e  
gyros. Thus, even 30 d r i f t s ,  sca le  f ac to r  e r r o r s ,  e t c . ,  a re  unlikely t o  
have any s ign i f i can t  e f f e c t  on vehicle dynamics, s ince resu l t ing  f a l s e  
r a t e s  will be t i n y  compared with vehicle r a t e s ,  and will not propagate 
i n  navigation. I f  these gyros a re  instead ( o r  i n  addi t ion)  used in  a 
backup strapdown navigation system, the  comments pertaining t o  e r r o r  
models, e tc . ,  f o r  gyros used i n  strapdown IMU's (sect ion 4.3.6.1) will 
apply here a s  we1 1. 
Inputs t o  the  r a t e  gyro simulation will include vehicle angular velocity,  
crew s t a t i on  switch and breaker configuration, power ava i l ab i l i t y ,  and 
in s t ruc to r  inputs. Outputs from each simulated r a t e  gyro will include 
sensed angular velocity, power load, and thermal output. The component 
of angular velocity (from the rota t ional  equations of motion) along the  
gyro axis  will be calculated.  This value wi l l ,  a f t e r  quantization and 
any other required output processing, be used a s  the  device output, pro- 
viding switches and breakers are properly configured and power i s  avai l -  
ab le .  Since the  equations of motion a r e  updated once each 50 milliseconds, 
a s imi la r  update r a t e  is specif ied f o r  the  body-mounted r a t e  gyros. This 
in terval  can be increased if  d ig i t a l  control system update i s  slower, and 
my have t o  be decreased if  i t  is  fas te r .  The conceptual design of the  
simulation of a r a t e  sensor i s  sketched i n  Figure 4.3.6.5.-1. 
- - 
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Symbol D i c t i o n a r y  f o r  F igure  4.3.6.5.-1 
., 
P r a t e  gyro power l o a d  w s h u t t l e  angular  v e l o c i t y  -+ 
1  r g  
q r 9  r a t e  gyro  heat  generated body r a t e  sensed by r a t e  Wrg gyro 
4.3.6.6 Body Accelerometers 
The body-mounted accelerometers s i m u l a t i o n  w i l l  s imu la te  the  opera t ion  
o f  each o f  the  body-mounted accelerometers (except ing  those accelero-  
meters which comprise a  p a r t  o f  pr imary Strapdown IMU's) which form a  
p a r t  o f  the  s h u t t l e  o r b i t e r .  The ope ra t i on  o f  each body-mounted accelero-  
meter w i  11 be s imu la ted  indeoendently and s imul taneously i n  s imulated 
rea l - t ime.  I t  i s  pssumed t h a t ,  i n  t h e  l a t e s t  s h u t t l e  rea l -wor ld  GN&C 
I 
I 
con f i gu ra t i on ,  these accelerometers serve o n l y  t o  p rov ide  l oad  r e l i e f  
i n p u t s  i n  t h e  v e h i c l e  c o n t r o l  loop, i n  a  s i m i l a r  f ash ion  t o  the  Saturn 1B 1 
body-mounted accelerometers. Thus, even 30 biases, sca le  f a c t o r  e r ro rs ,  
etc. ,  w i l l  probably be s u f f i c i e n t l y  smal l  as t o  have no no t i ceab le  e f f e c t  
on veh ic le  c o n t r o l ,  and w i l l  n o t  a f f e c t  v e h i c l e  nav iga t i on .  I f  .these 
.accelerometers a r e  i n s t e a d  ( o r  i n  a d d i t i o n )  used i n  a  backup strapdown 
nav iga t i on  system, t h e  comments p e r t a i n i n g  t o  e r r o r  models, etc . ,  f o r  
. . accelerometers used i n  Strapdown IMU's ( s e c t i o n  4.3.6.1 ) w i l l  apply  here 
as we l l .  I n p u t s  t o  t h e  accelerometer s i m u l a t i o n  w i l l  i n c l u d e  body 
t i o n s ,  crew s t a t i o n  s w i t c h  and c i r c u i t  b reaker  c o n f i g u r a t i o n ,  power avai  1  - 
able, and i n s t r u c t o r  inputs .  Outputs f rom each s imu la ted  body-mounted 
accelerometer w i  11 i n c l u d e  sensed acce le ra t i on ,  power load, and thermal 
output .  The component o f  body acce le ra t i on  ( f rom t r a n s l a t i o n a l  equat ions 
o f  motion) a long t h e  accelerometer a x i s  w i l l  be ca lcu la ted .  If the  device 
. .~ , ~ . . .  . . .  . . ~ - ~. 
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i s  located su f f i c i en t ly  f a r  from the vehicle mass center f o r  s ign i f i -  
cant accelerations t o  r e su l t  from vehicle angular ra tes  or  accelerat ions ,  
these accelerations will  a l so  be included. (This would require vehicle 
c.g. posit ion,  angular r a t e ,  and angular accelerat ion t o  be added as 
input parameters.) The resul t ing output value w i l l ,  a f t e r  quantization 
and any other required output processing, be used as the device output, 
providing switches and breakers a r e  properly configured and power i s  
available.  Since the equations of motion are  updated each 50 milliseconds, 
a s imilar  update r a t e  i s  specif ied for  the simulated accelerometers. 
This interval can be increased i f  d ig i ta l  control system update i s  slower, 
and may have t o  be decreased i f  i t  i s  f a s t e r .  The conceptual design of 
the simulation for  a body-mounted accelerometer i s  sketched i n  Figure 
4.3.6.6.-1. 
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+. 
ab shu t t l e  body acceleration qba heat generated by body- mounted accelerometer 
acceleration sensed by body- 
mounted accelerometer -+ w s h u t t l e  angular velocity 
. 
+ body-mounted accelerometer w shu t t l e  angular 
'lba power load acceleration 
4.3.6.7 MPS Thrus t  Vector Control 
The Thrust Vector Control system f o r  each of the three shu t t l e  Main Pro- 
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I pulsion System engines wil l  be simulated. Each of the three MPS engines 1 
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TVC systems wil l  be simulated simultaneously and independnetly, during I 
the times a t  which the MPS TVC system i s  i n  operation. Inputs t o  the TVC 1 I 
simulation include TVC drive s ignals  through each of the  input channels 
(from the on-board computers), main engine th rus t  (from the simulated RPS), 1 i 
e l ec t r i ca l  power avai lab1 e ,  hydraulic power fac tors  f o r  each hydraulic i 
system, crew s ta t ion  switch and breaker configuration, and inst ructor  I 
inputs. O u t p u t s  from the  TVC simulation will  include gimbal posit ions,  1 I 
engine force vectors ( shu t t l e  body coordinates), e l ec t r i ca l  power load, 1 I 
hydraulic flows, and s t a t u s  outputs. The MPS TVC will  exhibi t  consider- I 
able redundancy, with multiple comnand signal input channels f o r  each i 
actuator ,  multiple hydraulic pressure sources f o r  each actuator ,  and I 
multiple actuatorr f o r  each gimbal motion direction.  Failed channels are 1. I 
disconnected i n  the case of s ing le  channel f a i l u re .  Actuators are  i 
mechanized t o  dr ive t o  null upon cer ta in  multiple f a i l u r e s  (e.g., loss  of 
I 
two of the four APU-driven hydraulic systems). The operation of the  1 
actuator redundancy management systems wil l  be simulated and wil l  respond I 
I 
properly t o  fa i lu res .  Failure d i sc re tes ,  hydraulic pressure monitor 
. . 
~. . 
, , ~ .  ~. ~.~ .~.  ~. . .  .~ . . . 
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I 
outputs, e tc . ,  generated by the TVC drivers  and monitors wil l  be 
simulated and output from the TVC simulation. Actuator dynamics i n  
each gimbal degree of freedom wi l l  be simulated as a function of input 
commands, f a i l u r e  detection s t a t u s ,  hydrualic power factors  i n  each 
hydraulic system, and malfunctions. Other e f f ec t s ,  such as engine bell  
damping, will besimulated i f  s ign i f ican t .  Gimbal r a t e  and posit ion 
l imi t s ,  and other l imi t s  internal  t o  the TVC, will  be simulated. After 
gimbal positions are  calculated,  each engine's t h rus t  magnitude will be 
resolved through the calculated gimbal angles t o  obtain the engine force I 
I 
vector. CMS SPS TVC was i t e r a t ed  a t  a 50 millisecond r a t e  t o  approxi- 1 
mate proper engine response. While fu r the r  study when data becomes 
avai lable  may indicate t h a t  i t  i s  possible by use of sampled-data techniques/ 
i 
I to  lower t h i s  r a t e ,  a s imilar  r a t e  i s  current ly  specified f o r  shu t t l e  t o  , 
i 
assure accurate closed-loop response. The conceptual design f o r  the  1 
simulation of the TVC system f o r  a main engine is sketched i n  Figure 
i 
I 
i 
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Symbol D i c t i o n a r y  For  F igure  4.3.6.7.-1 
Fengi ne engine f o r c e  vec to r  i n  s h u t t l e  body coordinates 
h ~ p g i m  p i t c h  gimbal ac tua to r  h y d r a u l i c  l oad  
h ~ y g i m  yaw gimbal ac tua to r  h y d r a u l i c  l oad  
' lpgim p i t c h  gimbal ac tua to r  power l o a d  
' l yg im  yaw gimbal a c t u a t o r  power l o a d  
T ~ e n g i  ne engine t h r u s t  
a pgim engine p i t c h  gimbal angle 
'ygim engine yaw gimbal angle 
4.3.6.8 OMS Thrus t  Vector  Cont ro l  
The Thrus t  Vector Contro l  system f o r  each o f  t h e  two O r b i t a l  Maneuvering 
system engines w i l l  be simulated. Each of t h e  two 0MS engines ' TVC systems 
w i l l  be s imu la ted  s imul taneously and independently,  du r ing  the t imes a t  
which t h e  0MS TVC system i s  i n  operat ion.  I n p u t s  t o  t h e  TVC s imu la t i on  
i n c l u d e  TVC d r i v e  s i g n a l s  ( f rom on-board computers), DHS engine t h r u s t  
( f rom s imula ted  OMS), e l e c t r i c a l  power a v a i l a b l e ,  crew s t a t i o n  swi tch  and 
breaker  con f i gu ra t i on ,  and i n s t r u c t o r  inputs .  TVC s i m u l a t i o n  ou tputs  w i l l  
i n c l u d e  gimbal p o s i t i o n s ,  engine f o r c e  vectors ( s h u t t l e  body coord ina tes) ,  
e l e c t r i c a l  power loads, and s ta tus  outputs. I t  appears t h a t  the  DMS TVC 
i s  an e lec t r i ca l -mechan ica l  system, w i t h  no h y d r a u l i c  components, somewhat 
s i m i l a r  t o  t h e  Apo l l o  SPS TVC, The ac tua to r  dynamics o f  t h e  Apo l l o  system 
a r e  s i g n i f i c a n t ,  e s p e c i a l l y  i n  mal func t ion  cases. Thus, 1 ags, overshoots, 
f i n i t e  r i s e  times, etc . ,  o f  t h e  ac tua tors  w i l l  be 5irnulated. There appears 
t o  be considerable redundancy i n  t h e  system, w i t h  m u l t i p l e  comnand s i g n a l  
I 
I input channels. Operation of system redundancy management will be I 
DATE 6/23/73 
R E V .  
simulated, and any resul t ing f a i l u r e  d i sc re tes  w i l l  be generated. 
Actuator outputs i n  each gimbal degree of freedom will be simulated as 
1 a function of input commands, f i l u r e  detection s t a t u s  and malfunctions. 1 
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Gimbal r a t e  and posit ion l im i t s ,  and other limits internal  t o  the  TVC, 
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I will  be simulated. Effects such a s  engine bel l  damping will  be simulated I i f  s ign i f ican t .  After gimbal posit ions a r e  calculated,  each engine's 1 
thrust magnitude wi l l  be resolved through the  calculated gimbal angles 
t o  obtain the  engine force  vector. CMS SPS TVC was i t e r a t ed  a t  a 20 per 1 I 
second r a t e  t o  approximate proper engine response. Further study when 
data becomes avai lable  may indicate  t h a t  i t  is possible by use of 
I sampled-data techniques t o  lower t h i s  r a t e .  However, a 50 millisecond I 
update r a t e  is current ly  spec i f ied  f o r  s h u t t l e  t o  assure accurate I i 
closed-loop control response. The conceptual design f o r  the  simulation 
of the  TVC system f o r  an P)MS engine is sketched i n  Figure 4.3.6.8.-1. 
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Fengine engine f o r c e  v e c t o r  i n  s h u t t l e  body coordinates 
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T ~ e n g i  ne engine t h r u s t  
8 pgim engine p i t c h  gimbal angle 
8 ygim engine yaw gimbal angle 
4.3.6.9 Boost SRM Thrus t  Vector Cont ro l  i I 
The t h r u s t  vec to r  c o n t r o l  system f o r  each o f  the  two s o l i d  r o c k e t  booster  i I I engines w i l l  be s imu la ted  s imu l taneous ly  and independent ly  d u r i n g  t h e  I i 
t imes a t  which the  Boost SRM's a r e  i n  operat ion. The method t o  be used I i 
f o r  c o n t r o l l i n g  t h e  SRM t h r u s t  vec to rs  i s  n o t  c u r r e n t l y  known. For I 
I purposes of computer s i z i n g ,  i t  w i l l  be assumed t h a t  t h e  SRM TVC Simula- I I 
t i o n  problem i s  s i m i l a r  t o  t h a t  f o r  MPS TVC, even though i t  i s  n o t  
known i f  SRM engines w i l l  be gimbal led, o r  what the  power source t o  be I 
used w i l l  be. Inputs  t o  t h e  s i m u l a t i o n  w i l l  i n c l u d e  TVC comands and 1 
I 
I SRM t h r u s t ,  and outputs  w i l l  i n c l u d e  t h e  f o r c e  vec to r  f rom each SRM. I 
I 1 4.3.6.10 Aerosurface Contro l  
I I The aerosurface c o n t r o l  subsystem f o r  each elevon, the  v e r t i c a l  s t a b i l i z e r  1 ,  
(rudder/speed brake)  and body f l a p  w i l l  be s imulated.  Each o f  t h e  aero- 
su r face  c o n t r o l  subsystems w i l l  be s imu la ted  s imul taneously and independ- 
I :  
I 
e n t l y  when i n  opera t ion .  I n p u t s  t o  the  aerosurface c o n t r o l  system i n c l u d e  
I - -  aerosurface s e t t i n g  commands through each o f  t h e  i n p u t  channels f o r  I 
1 e levon, rudder, and speed brake ( f rom on-board computer), e l e c t r i c a l  1 
(REV.  I BINGtWMrm. NEW YoRK ( R E P .  NO. 
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power avai  1 a b l e  ( f rom E l e c t r i c a l  Power Subsystem), h y d r a u l i c  power 
f a c t o r s  f o r  each h y d r a u l i c  system ( f rom Hydrau l i c  Subsystem), crew 
s t a t i o n  sw i t ch  and breaker  con f i gu ra t i on ,  and i n s t r u c t o r  i npu ts .  
Outputs from t h e  aerosur face c o n t r o l  system w i  11 i n c l  ude-el evon and 
d i f f e r e n t i  a1 e levon s e t t i n g s ,  rudder s e t t i n g ,  speed brake s e t t i n g ,  
e l e c t r i c a l  power load, h y d r a u l i c  f lows,  and s t a t u s  outputs.  Aerosur- 
face  c o n t r o l  w i l l  e x h i b i t  cons iderab le  redundancy, w i t h  m u l t i p l e  coinnand 
s igna l  i n p u t  channels f o r  the  pr imary  c o n t r o l  servos, m u l t i p l e  h y d r a u l i c  
pressure sources f o r  each sur face h y d r a u l i c  ac tua tor ,  and m u l t i p l e  
ac tua tors  f o r  each sur face.  F a i l e d  channels are disconnected i n  t h e  
case o f  s i n g l e  channel f a i l u r e .  Operat ion o f  the  f a i l u r e  de tec t i on  and 
redundancy management p rov i s ions  w i l l  be s i m i l a t e d  and w i l l  respond 
p rope r l y  t o  f a i l u r e s .  F a i l u r e  d iscre tes ,  h y d r a u l i c  pressure mon i to r  
outputs, etc., generated by t h e  aerosur face c o n t r o l  subsystem, w i l l  be 
s imulated and ou tpu t  f rom t h e  s imu la t ion .  The sumning o f  rudder and 
speed brake commands t o  o b t a i n  commands f o r  t h e  s p l i t  v e r t i c a l  s t a b i l i z e r  
sur face w i l l  be s imulated t o  o b t a i n  the  app rop r ia te  sur face h y d r a u l i c  
ac tua to r  i npu ts .  Ac tua to r  dynamics f o r  each su r face  w i l l  be s imulated 
THE SINGER COMPANY 
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as a f u n c t i o n  o f  i n p u t  commands, f a i l u r e  d e t e c t i o n  s ta tus ,  h y d r a u l i c  
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power f a c t o r s  i n  each h y d r a u l i c  system, and ma1 func t ions .  Other ef fects,  
such as hinge-moments, w i l l  be s imu la ted  i f  s i g n i f i c a n t .  Rate and 
p o s i t i o n  l i m i t s  o f  t h e  aerosurface, as w e l l  as o the r  l i m i t s  i n t e r n a l  t o  
t h e  subsystem, w i l l  be simulated. Previous Singer  experience i n  simula- 
t i o n  o f  h i g h  L/D re -en t r y  veh i c les  has i n d i c a t e d  t h a t  an update r a t e  
o f  t h e  order  o f  50 m i l l i seconds  f o r  aerosur face s i m u l a t i o n  i s  requ i red  t o  
ma in ta in  proper  v e h i c l e  response. The ccnceptual design f o r  t h e  simula- 
t i o n  o f  t h e  aerosur face c o n t r o l  subsystem i s  sketched i n  F igu re  4.3.6.10.-1 
~~~ ~ 
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h ~ e l e v  elevon actuators '  hydraulic load 
h ~ r u d  rudder actuators '  hydraulic load 
'lelev elevon e l ec t r i ca l  power load 
I '1 rud rudder e l ec t r i ca l  power load 
I 
I 
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a i  levon (d i f fe ren t i  a1 elevon) deflection 
e l  evon def 1 ec t i  on 
I 
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I rudder def lect ion 
I 
prestored)  may be g i ven  i n  terms o f  e i t h e r  i n e r t i a l  'Euler angles o r  l o c a l  I I 
h o r i z o n t a l  angles, o r  i n e r t i a l  h o l d  o f  a l o c a l  h o r i z o n t a l  o r i e n t a t i o n  a t  t h e  I 
i n i t i a l  p o i n t  i n  t ime. Burn t a r g e t t i n g  w i l l  be prov ided t o  t h e  minor l oop  by I I 
s p e c i f y i n g  i g n i t i o n  time, burn  dura t ion ,  and i n e r t i  a1 burn a t t i t u d e  ( i n e r t i  a1 
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4.3.6.11 
A f u n c t i o n a l  t a r g e t  v e h i c l e  guidance system w i l l  be s imulated f o r  
t a r g e t  veh ic les .  The guidance system w i l l  c o n s i s t  o f  a  major loop which performs 
burn t a r g e t t i n g  and runs i n  i n t e r r u p t i b l e  t ime, and a  minor  loop which feeds 
a t t i t u d e  commands t o  t h e  genera l i zed t a r g e t  v e h i c l e  c o n t r o l  system, and f i r i n g  
commands t o  t h e  general ized t a r g e t  v e h i c l e  p ropu ls ion  system. A r e s e t  boolean 
w i l l  be prov ided t o  bypass genera l i zed t a r g e t  v e h i c l e  guidance e n t i r e l y ,  and 
another prov ided t o  bypass t h e  major  loop on ly ,  f o r  use i n  t h e  case t h a t  more 
d e t a i l e d  guidance schemes f o r  p a r t i c u l a r  veh i c les  a r e  added f o l l o w i n g  s imu la to r  
d e l i v e r y .  The minor loop guidance system w i l l  accept t h r u s t i n g  and a t t i t u d e  
commands f rom e i t h e r  
i n s t r u c t o r  i n p u t  
c m a n d  from s h u t t l e  v e h i c l e  
guidance major  loop/pres tored comnands 
i n  t h a t  o rder  o f  p r i o r i t y ,  I n s t r u c t o r  i n p u t  may take  the  form o f  d i r e c t  coninand, 
o r  i n i t i a t i o n  o f  p res tored commands, S h u t t l e  v e h i c l e  commands w i l l  be 
honored o n l y  when a  r e s e t  boolean i s  s e t  i n d i c a t i n g  t h a t  t h i s  t a r g e t  v e h i c l e  
possesses the  c a p a b i l i t y  t o  accept commands f rom t h e  s h u t t l e  veh i c le .  Prestored 
coninands may be used e i t h e r  i n  p lace  o f  t h e  major  l o o p  burn t a r g e t t i n g ,  o r  merely 
t o  s p e c i f y  a t t i t u d e  f o l l o w i n g  t h e  f i n a l  burn. Prestored commands w i l l  be s to red  
as f u n c t i o n s  o f  t ime. A t t i d u e  commands ( i n s t r u c t o r / s h u t t l e  v e h i c l e  o r i g i n a t i n g /  
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Eu le r  angles o r  i n e r t i a l  h o l d  o f  a  l o c a l  h o r i z o n t a l  o r i e n t a t i o n ) .  The minor  
l oop  w i l l  process t h i s  i n fo rma t ion  and prov ide  i n e r t i a l  a t t i t u d e  commands f o r  
t h e  general ized t a r g e t  v e h i c l e  c o n t r o l ,  and engine i g n i t i o n  and c u t o f f  t imes 
t o  genera l i zed t a r g e t  v e h i c l e  p ropu ls ion .  The major  l o o p  w i l l  c a l c u l a t e  burn 
t a r g e t t i n g  assuming a  c o e l l i p t i c  rendezvous sequence o f  t h r e e  burns (NCC, NSR, TPI).  
The coel  l i p t i c  sequence cou ld  be expanded t o  l a t e r  i nc lude  p r e l i m i n a r y  phasing 
burns, i f  necessary. T a r g e t t i n g  p rese t t i ngs  w i l l  be inst ructor-changeable,  and 
t a r g e t t i n g  f o r  a  g i ven  burn  can be recyc led  by i n s t r u c t o r  command. T a r g e t t i n g  
data ( i g n i t i o n  t ime, burn  dura t ion ,  t o t a l  AV, a t t i t u d e )  w i l l  be a v a i l a b l e  f o r  
i n s t r u c t o r  d isp lay .  P r o v i s i o n  w i l l  be made t o  i n h i b i t  TPI  t a r g e t t i n g  i f  the  
s h u t t l e  veh i c le  w i l l  per form t h i s  burn. Burn t a r g e t t i n g s  w i l l  be performed 
imned ia te ly  f o l l o w i n g  t h e  preceding bu rn ' s  conclusion, and re-preformed about 
1 0  minutes before est imated burn t ime. Target  v e h i c l e  major  l oop  guidance w i l l  
I 
be ab le  t o  share i n t e r r u p t i b l e  t ime, and a  number o f  ( i n t e r r u p t i b l e )  t a r o e t t i n g  1 I
subrout ines, w i t h  i n s t r u c t o r  a ids  t a r g e t t i n g  (descr ibed i n  Sect ion 4.3.7.6). An 
i t e r a t i o n  r a t e  o f  10 per  second i s  spec i f i ed  f o r  t a r g e t  v e h i c l e  loop guidance, 
matching t h e  update r a t e  o f  t a r g e t  v e h i c l e  r o t a t i o n a l  EBM. The conceptual design 
f o r  t a r g e t  v e h i c l e  guidance and c o n t r o l  i s  sketched i n  F igures 4.3.6.11 .-1 and 
4.3.6.11.-2. 
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Symbol Dictionary f o r  Figures 4.3.6.11-1 and 4.3.6.11.-2 
i rccstv  coordinate system indicator  f o r  a t t i t u d e  comnand 
-* 
r shu t t l e  posi t ion 
3 
r t v  t a rge t  vehicle posit ion 
tcb burn cutoff time 
t i g  burn igni t ion time 
3 
V shu t t l e  velocity 
-b 
"TV t a rge t  vehicle velocity 
@ctv i n e r t i a l  pitch command t o  j e t  log ic  
'citv input pitch command 
@ctv i n e r t i a l  r o l l  comand t o  j e t  logic  1 +ci tv  input r o l l  command 
I 
: +ctv i n e r t i a l  yaw comand t o  j e t  logic  
qci t v  input yaw command 
4.3.7 Simulator  Environment 
4.3.7.1 Aura l  Cue 
The aura l  s i m u l a t i o n  w i l l  c o n s i s t  o f  those aud ib le  
cues which prov ide  the crew member w i t h  v e h i c l e  opera t iona l  performance 
c h a r a c t e r i s t i c s  du r ing  f l i g h t .  Electromechanical devices are  prov ided 
w i t h  appropr ia te  sof tware d r i v e n  cues which c o n t r o l  the  audio volume, 
frequency, and spectrum bandwidth. Exact volume l e v e l s ,  frequency and 
spectrum bandwidth are  requ i red  f o r  each s imulated device.  These l e v e l s  
w i l l  be taken f rom e i t h e r  experimental  data o r  c a l c u l a t i o n  est imates. 
The main l i q u i d  f u e l  r o c k e t  engine simul 'at ion w i l l  
have sounds associated w i t h  hurn ing,  t o  i n c l u d e  rough burn. The no ise  
l e v e l  o f  an enaine w i l l  decrease when t h r o t t l e d .  The engines have both  
f u e l  and o x i d i z e r  pumps which w i l l  be heard du r ing  f u e l  dumo. There are  
t h r e e  main engines t o  be simulated, each o f  which may be f i r i n a  a t  a 
seDarate time. P rov i s ion  w i l l  be i nc luded  f o r  s i m u l a t i o n  o f  m u l t i p l e  
engines. P r i o r  t o  s t a r t  and pos t  f i r i n g ,  metal  expansion and c o n t r a c t i o n  
noises w i l l  be provided. P r i o r  t o  r e e n t r y  the  main r o c k e t  engines purg ing  
w i l l  be s imulated by a muted aas expansion type noise. 
The two l a r g e  s o l i d  r o c k e t  motors w i l l  be s imulated f o r  
appropr ia te  t h r u s t  sound and acous t i c  v i b r a t i o n .  S ta r t -up  and shut-  
down t r a n s i e n t  noises w i l l  n o t  be prov ided du r ing  normal main SRM burn ing.  
Ma l func t i on  t r a n s i e n t s  w i l l  be s imulated f o r  case burnthrough. Upon 
t h r u s t  t e rm ina t i on  o f  these motors, t h e  sound w i l l  be decreased dependent 
on separa t ion  d is tance and a i r  densi iy. Pechanical noises associated i 
I 
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w i t h  separa t ion  should n o t  be heard over the  separa t ion  r o c k e t  noise; 
however, t h i s  cue w i l l  be s imulated f o r  ma l func t i on  t r a i n i n g  when t h e  
separa t ion  rockets  do n o t  f i r e .  
The a i  r b r e a t h i  ng engines ' aud ib le  cues generated w i  11 
i n c l u d e  booster  pump whines and exp los ion  heard d u r i n g  enpine s t a r t .  
Fo l l ow ing  s ta r t -up ,  a  t u r b i n e  whine w i l l  s imu la te  b u i l d  up t o  run  l e v e l  
and cont inue u n t i l  shut-down. Dur ing a i r s t a r t ,  t h i s  whine w i l l  a l s o  be 
generated. A t  t h i s  time, i t  i s  assumed t h a t  t h e  j e t  engines w i l l  have 
t h r u s t  reve rsa l  c a p a b i l i t y  and t h e  accompanyinp no ise  cue w i l l  be generated. 
The ex te rna l  f u e l - o x i d i z e r  tank  s i m u l a t i o n  w i l l  c rea te  
noises associated w i t h  pyro techn ic  l i n e  separators, f u e l  and o x i d i z e r  
ven t i ng  p r i o r  t o  separat ion,  and separa t ion  system pneumatic and mechanical 
thumps. 
React ion c o n t r o l  t h r u s t e r  and OMS j e t s  f i r i n g  cues w i l l  be 
provided. The RCS t h r u s t e r s  a re  l oca ted  i n  the  o r b i t e r  nose s e c t i o n  and 
each o f  t h e  a f t  OMS pods. The au ra l  cue system w i l l  cause a  sound on 
a c t i v a t i o n  i d e n t i f i a b l e  as t o  d i r e c t i o n .  
f 
Docking sounds w i l l  be s imu la ted  f o r  t h e  mechanics o f  
door opening, docking r i n g  extension, mating, l o c k i n g  and t h e  pneumatic 
shock absorber system. More d e f i n i t i o n  i s  r e q u i r e d  t o  determine t h e  
m e t a l l i c  sounds t o  be s imu la ted  and the  shock absorber pneumatic sounds. 
The sounds associated w i t h  the  payload area and payload 
deoloyment i n v o l v e  t h e  l a t c h i n g  and u n l a t c h i n g  o f  payload doors, payload 
and r a d i a t o r  u n i t s .  Hydrau l ic  sounds w i l l  be prov ided f o r  r a d i a t o r  
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deployment, door mechanics, and the  payload manipulator .  Various l e v e l s  
o f  mechanical matings w i l l  be s imu la ted  f o r  door openings and c los ing ,  
r a d i a t o r  deployment and r e t r a c t i o n ,  man ipu la tor  mat ing and stowage, and 
payload mating w i t h  ex te rna l  veh ic les ,  o r  r e t u r n  o f  payloads t o  the  pay- 
load bay. Emergency j e t t i s o n i n g  o f  the manipulator  w i l l  be s imulated by 
noises associated w i t h  pyro techn ic  senarator  devices. 
The s i m u l a t i o n  o f  the  e l e c t r i c a l  system opera t ing  o f f  
t h e  APU's and i n v e r t e r s  w i l l  produce a 400 h e r t z  hum. The APU w i l l  have 
an exp los i ve  s t a r t - u p  sound w i t h  a 12,000 h e r t z  r u n  mode background noise.  
There a r e  t h r e e  APU's which may be s t a r t e d  independent ly .  
Fuel c e l l  ven t i ng  w i l l  be s imulated by pressure h u i l d  up 
t o  t r i p  l i m i t .  Th is  sound w i l l  probably be a pop (va lve  opening) f o l l owed  
by  an a i r  h iss .  
Environmental a i r - c o n d i t i o n i n g  sounds heard when t h e  
cab in  i s  p ressur ized w i l l  be valves popping - h i g h  pressure a i r  re lease - 
and a i r  p r e s s u r i z a t i o n  o r  evacuat ion du r ing  EVA/IVA a c t i v i t y .  The volume 
o f  sound w i l l  be s imu la ted  dependent upon c a l c u l a t e d  a i r  dens i ty .  :. 
The aerodynamic c o n t r o l  sur faces w i l l  generate a 
h y d r a u l i c  cue when d r i v i n g  f rom one p o s i t i o n  t o  another.  I n  atmosphere, 
an  a i r  f l o w  noise w i l l  be generated which i s  a f u n c t i o n  of dynamic 
pressure and the  amount o f  t o t a l  sur face  de f l ec t i on .  
The aerodynamic fo rces  w i l l  c r e a t e  a u r a l  cues o f  wind 
noise, turbulence, and b u f f e t i n g .  Dur ing r e e n t r y  phases metal expansion i 
and c o n t r a c t i o n  w i l l  cause var ious  popping and c rack ing  sounds. 
-* 
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The drag chute system w i l l  cause two minor sounds; a 
thump on opening o f  the drag chute con ta ine r  system and a second thump 
on opening o f  the  main chute. 
The l and ing  gear system s i m u l a t i o n  w i l l  have sounds 
associated w i t h  the  gear doors opening and c l o s i n g  ( h y d r a u l i c  c y l i n d e r  
a c t i v a t i o n ) .  When the  gear door begins opening, an a i r  no ise  w i l l  be 
generated. The volume would be dependent upon a i r  d e n s i t y  and poor  
p o s i t i o n .  A mechanical thump w i l l  be generated w i t h  the  gear door ooening 
o r  c los ing .  The gear deployment and r e t r a c t i o n  w i l l  c rea te  sounds 
associated w i t h  h y d r a u l i c  motor a c t i v a t i o n .  When t h e  gear i s  f u l l y  
extended o r  re t rac ted ,  a mechanical thump w i l l  be generated. Noises 
w i l l  be generated upon ope ra t i on  o f  the  breaks. Noises w i  11 a l s o  b e  
generated f rom t i r e  v i b r a t i o n ,  nose wheel shimny, and t i r e  con tac t  w i t h  
t h e  runway on landing.  
The audio cues o f  t h e  caut ion '  and Warning System w i l l  I 
be s imu la ted  and t r i g g e r e d  by so f tware  generated cues f o r  such i tems as 
Caution, Warning, Emergency Pressure Loss, Emergency F i r e ,  Landinp Gear 
Not Doi~rn, and Crew A l e r t .  These audio cues are assumed t o  he s i m i l a r  
t o  t h e  p resen t l y  used cues f o r  the  sky lab  miss ion.  
The f o l l o w i n g  f i g u r e  i s  used t o  g r a p h i c a l l y  d e p i c t  t h e  
assor ted func t i ons  o f  Aural Cue: 
i 
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Figu re  4.3.7.1-1 
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A I R  BREATHING ENGINE SYSTEP 
Main Turbine Whine Frequency = f(rom,M) 
Main Turhine Whine Ampli tude = f(rpm,El) 
1 s t  Compressor Whine Freouency = f(rpm,P) 
1 s t  Compressor Whine Amplitude = f (rpm,K) 
2nd Compressor Whine Freouency = f(rpm,M) 
2nd Compressor Wbi ne Ampl i tude = f (rnm,P) 
Enqine Flame Spectrum Pandwidth= f(rpm,P) 
Engine Flame Spectrum Ampl i t ude=  f (rpm,M) 
Engine Thrus t  Reversal Ampli tude = 
f(rpm, P) 
Enpine Comnressnr Ampli tude S h i f t  = f (tl) 
PERODYFIAFVC SYSTEEI 
Aero Noise Spectrum Eandwidth = f ( L )  
Aero Noise Composite Amp1 i tude = f (h,M) 
Transonic Sound D i r e c t i o n a l  S h i f t  = f ( K )  
Transonic Sound Amnlitude S h i f t  = f ( P )  
Aero Noise Composite Ampli tude S h i f t  = 
f (W 
LANDING GEAR SYSTEM 
Landing Gear Ground Rumhle Frequency = 
~ ( W O F ,  V )  
Landing Gear Ground Rumble A m ~ l i t c ~ d e  = 
f(wow, V) 
Landing Gear Door Noise Pero Frequency = 
f ( d o o r  p o s i t i o n ,  V )  
Landing Gear Door Noise Aero Ampli tude = 
f ( d o o r  p o s i t i o n ,  V )  
SOLID ROCKET SYSTEM 
SRM A m ~ l  itude = f (F, g )  
SRM Frequency = f ( t ime)  
i 
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SSPE Thrus t  Ampli tude = f ( F )  
SSME Thrus t  Freouency = f (F) 
SSInE 0, Pump Frequency = f (0N) 
SSME H, Pump Freauency = f(0N) 
SSME 0, Pump Amplitude = f (ON) 
SSME H, Pump Amol i tude = f (CN) 
CAUTION AND WARNING SYSTEM 
Caution Tone = d i s c r e t e  
Warning Tone = d i s c r e t e  
Emergency F i r e  = d i s c r e t e  
REV. 
Emergency Pressure Loss = d i s c r e t e  
Crew A l e r t  = d i s c r e t e  
ENVIROFIMEI.IT CONTROL SYSTEP 
Repress/Depressurization Freouency = 
~ ( A P )  
Repress/Deoressurization Amplitude = 
f ( P I  
A i r  C i r c u l a t i o n  Fan Po to r  = f ( t i m e )  
Purge and Vent A i r  Foise = f ( t i m e )  
DOCKING MECHANISM 
Docking Ring Lock = d i s c r e t e  
Docking Extension Mate = d i s c r e t e  
Docking Hatch Seoarator = d i s c r e t e  
Docking Ring Shock Po t i on  = d i s c r e t e  
EXTERNAL TANK SYSTEM 
External  Tank Disconnect = d i s c r e t e  
SRP Disconnect = d i s c r e t e  
DRAG CHUTE SYSTEM 
Drag Chute Opening = d i s c r e t e  
Drag Chute Deployment = d i s c r e t e  
MANIPULATOR SYSTEM 
Manipulator  Separator = d i s c r e t e  
F igure  4.3.7.1-1 (cont inued) 
1 I 
B t N W M W .  NEW YORK REP. NO. 
IDATE 6/23/13 1 THE SINGER cWPANY PAGE NO. 4.3-206 
SIMULATION PRODUCTS D I V I S I O N  
I 81NGHAUTCN. NEW YWK I !El'. NO. 
- 
F iqu re  4.3.7.1-1 (cont inued)  
I 1 
PAYLOAD SYSTEM 
d i s c r e t e  Payload Door Latch = d i s c r e t e  
Payload/Vehicle Dock Pmpl i tude = ~ ( A V )  
HYDRAULIC POWER SYSTEM 
Hydrau l i c  Motor  Volume = f ( t i rne  ON, 
d i  scretes Locat ion)  Payload 
Rad ia to r  Panel Deployment/Retract ion = 
f ( t i m e )  
ELECTRICAL POWER SYSTEM 
EPS 400 Her t z  Ambient = f(Power A v a i l . )  
Eouip ON Communication Equipment Clum = f (Equip. C 0  FIM 
ON) 
d i  scretes 
RCS b.- D/A 
-- Cue 
Dl0 
Devices i 
Loca t ion)  
Metal  Expansion Creak =  AT) 
React ion Cont ro l  Je t s  Ampl i tude = f(ON, 
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The a f t  v i s u a l  s imu la t i on  sof tware f o r  t h e  f i x e d  base crew s t a t i o n  
w i l l  accept i npu ts  f rom t h e  s imulated Equations of Mot ion and Pavload Accommoda- 1 
t i o n  Systevs and generate d r i v i n g  commands f o r  t h e  a f t  v i s u a l  system. The 
c o n t r o l  so f tware  c o n f i g u r a t i o n  i s  h i g h l y  denendent unon t h e  f i n a l  a f t  v i s u a l  
hardware design selected.  Assumptions were made i n  o rder  t o  accomnlish t h e  comnuter 
requirements as fo l l ows :  
RENDEZVOllS TARGETS: Pssuned Computer Image Generat ion (CIG) o f  two 
t a r g e t s  maximum simultaneous. Signal  requirements are: own v e h i c l e  n o s i t i o n  and 
a t t i t u d e ,  t a r g e t  v e h i c l e  p o s i t i o n  and a t t i t u d e ,  t a r q e t  desc r ip t i on .  
STAR FIELO: Assumed CIG w i t h  s i g n a l  requirements o f :  own v e h i c l e  n o s i t i o n  
and a t t i t u d e ,  ephemeris and window angles. 
VEHICLE F I X E D  GEWETRY: Assumed t h e  o n l y  s iana l  requirements a r e  d i sc re tes .  
VEHICLE DYNAMIC GEOFIETRY: Assumed t h r e e  payload bay covnartments (6 Doors). 
S ignal  requirements a r e  each door p o s i t i o n .  
MANIPULATORS: Assumed C I G  s i g n a l  reauirements f o r  7 W F  f o r  each A r m .  
4.3.7.3 Visual  (For\*lard) 
The forward v i s u a l  s i m u l a t i o n  so f tware  w i l l  accent i n p u t s  f rom t h e  
s imulated Eauations o f  Motion, and generate d r i v i n a  commands f o r  the  forward v i s u a l  
system. The c o n t r o l  sof tware c o n f i q u r a t i o n  i s  h i g h l y  dependent uoon t h e  f i n a l  
forward v i s u a l  hardware desian selected. Assumotions were made i n  o rder  t o  accom- 
p l i s h  the  computer requirements as fo l l ows :  
VEHICLE GEnklETRY: Assumed s i g n a l  reou i renents  a r e  d i s c r e t e s  f o r  SEr.1-1, 
SRM-2, External  Tank, Each SRM Thrus t  Terminat ion. 
EARTH SCEPE: Assumed dual o r b i t a l  scene generators o f  an e a r t h  scnene 
f o r  use a t  h igh  a l t i t u d e s .  Signal requirements are  v e h i c l e  s t a t e  vec tor  f u n c t i o n s .  
VISUAL MODEL A: Based on an i n s t r u c t i o n  count f rom t h e  LRA model 
d r i ve ,  p l u s  25% spare. 
VISUAL MODEL B: Assumed a h i q h  a l t i t u d e  l and inq  scene r e q u i r i n q  1 /2  
accuracy o f  Model A. Based on L&A model d r i v e ,  p lus  25% spare. Models A & R a r e  
mu tua l l y  exc lus ive.  
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RENDEZVOUS TARGETS: Assumed same requirements as f o r  AFT windows. 
STAR FIELD: Assumed same requirements as f o r  AFT windows. 
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4.3.7.4 Motion System 
The software package described assumes a hardware configuration of 
a s i x  degree-of-freedom motion system w i t h  the addition of a simulator crew 
s ta t ion  t i l t  capable of 0 t o  +77 degrees angle and a r a t e  of (TBD) degrees/ 
second. Additional crew s ta t ion  deflection beyond 77' can be obtained from the 
standard 6 DOF system. The drive philosophy considered i s  t o  program the moticn 
system to,as  r e a l i s t i c a l l y  as possible,  approximate the forces acting on the 
crew during actual f l i g h t .  The standard 6 DOF system i s  capable of providing 
a l l  motion cues except f o r  long-term sustained accelerations.  These accelera- 
t ions occur primarily along the vehicle X axis  (Ax). The hardware/software 
system accomplishes the long-term accelerations by directing the actual oravity 
force t o  correspond to  the to ta l  sustained acceleration acting on the crew f o r  
the simulated condition, Since,in orb i ta l  f l i g h t ,  the gravity force i s  effect ively 
cancelled by centrifugal force,  a "natural" u p r i g h t  seating position i s  assumed 
for  zero force,  while a deflection of 90° i s  assumed f o r  maximum force during 
accelerated f l i g h t .  A design goal f o r  the s h u t t l e  program is t o  l imi t  the 
to ta l  acceleration t o  3 G.  Therefore, the simulator i s  scaled t o  adeauately 
cover t h i s  range, plus an off-nominal additional acceleration. A t o t a l  of 3.1 G 
i s  chosen f o r  90' deflection of the system f o r  long-term accelerations. An 
additional requirement for  a l l  axes of the motion system i s  f e l t  t o  be an 
a b i l i t y  t o  adjust  scaling eas i ly .  This i s  because the chosen scaling wil l  
probably require adjustment based on user experience ' w i t h  the simulator. 
Scaling and r a t e  character is t ics  of the  design motion system should be 
able t o  handle a l l  longitudinal accelerations and rates  of acceleration change 
during a shu t t l e  mission except the r a t e  of acceleration change a t  main engine 
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FIGURE 4.3.7.4-1 
T I L T  V S .  ACCELERATiON 
A = Real World SSME Emergenc,~ Thrus t  ~ e r m i n a t i w  
P r o f i l e  (G's). 
B = Composite Simulator  T i l t  Angle P r o f i l e  a f t e r  
SSME emergencv t h r u s t  t e rm ina t i on  (degrees). 
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c u t o f f  upon o r b i t  i n s e r t i o n ,  and upon t h r u s t  t e rm ina t i on  f o r  c e r t a i n  abor ts .  
The accompanying f i g u r e  i l l u s t r a t e s  nominal boost  acce lera t ions .  A t  main 
engine c u t o f f ,  maximum acce le ra t i on  decay i s  about 7.5 g/second, p o r p o r t i o n a l  
t o  about 200 degrees/second a t  mot ion  base sca l ing .  A  200 degree/second r a t e  
w i l l  obv iously  cause hardware problems i n  implementation. Such a  r a t e  would 
a l s o  b r i e f l y  r e s u l t  i n  f a l s e  mot ion cues. The ac tua l  cue i s  a  r a t h e r  sudden 
cessat ion o f  g r e a t  f o r c e  d r i v i n g  the  as t ronau t  back i n t o  h i s  couch. The 200 
degrees/second mot ion base mot ion w i l l  i n t roduce  f a l s e  r o t a t i o n a l  cues. However, 
a l l  these cues e x i s t  f o r  such a  s h o r t  p e r i o d  o f  t ime t h a t  they should n o t  be 
too  alarming. Moreover, r e l a t i v e l y  s u b t l e  d i f f e r e n c e s  are  d i f f i c u l t  t o  no te  
when engaged i n  a  very s i z a b l e  mot ion cue such as c u t o f f .  A s u b s t a n t i a l l y  
slower r a t e  would ease hardware d i f f i c u l t i e s ,  and f a l s e  r o t a t i o n a l  cues. I t 
would, however, make s imulated t a i l o f f  mot ion cues l a s t  much longer  than the  
rea l -wor ld  mot ion cues do. Thus, it, too, would c rea te  a  f a l s e  cue. The s h o r t  
du ra t i on  f a l s e  cue i s  considered p r e f e r a b l e  t o  a, l o n g  d u r a t i o n  f a l s e  cue. Thus, 
i t  i s  d e s i r a b l e  t o  d r i v e  o u t  the  tilt a t  t h e  l a r g e s t  poss ib le  maximum r a t e  a t  
main engine c u t o f f ,  o r  abor ts  which e x h i b i t  s i m i l a r  rea l -wor ld  cues. 
- 
The standard Singer 6  DOF mot ion system sof tware i s  capable o f  accurate 
s imu la t i on  o f  a l l  mot ion cues except those r e q u i r i n g  use o f  t h e  added tilt 
feature.  The added tilt feature can be d r i v e n  p rope r l y  w i t h  t h e  a d d i t i o n  o f  
the  f o l l o w i n g  two equat ions t o  t h e  standard Singer  software: 
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where 
Ax = t o t a l  l ong i tud ina l  acce lera t ion  
-- 
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K1 = r a t e  l i m i t i n g  constant 
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K2 = scal ing constant 
el = tilt ax is  angle 
e 2  = t i 1  t term o f  6 DOF p i t c h  ax is  
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I , l i th  reference t o  f i g u r e  4.3.7.4.1, t h e  range o f  tilt requ i red  f o r  the  
nominal miss ion  i s  0° t o  900 represent ing  0  t o  36 l o n g i t u d i n a l  acce le ra t i on .  Since 
t h e  t i lt a x i s  i s  base l ined t o  a  c a p a b i l i t v  o f  0  t o  77O r o t a t i o n ,  the  13O tilt 
requ i red  f o r  the  range i s  accomplished by t h e  p i t c h  a x i s  o f  t h e  6 DOF system. I n  
implementat ion, soft \vare savinbs can be r e a l i z e d  by making t h i s  range t h e  f i r s t  13'. 
Negative acce le ra t i on  ( t i l t  down) du r ing  e n t r y  mode w i l l  then use t h e  same term. 
Off-nominal burns o f  SRB's o r  ma l func t ioned t h r o t t l i n g  o f  t h e  Wain Engine cou ld  
cause g rea te r  than 36 l o n g i t u d i n a l  acce le ra t i on .  This  over -acce lera t ion  w i l l  be 
represented by use o f  t h e  6 DOF p i t c h  a x i s  t o  cover t h e  range o f  tilt up t o  a  maxi- 
mum o f  log0 which i s  equ iva len t  t o  3.636. 
I n  order  t o  f o l l o w  t h e  a c c e l e r a t i a n p r o f i l e ,  t h r e e  c r i t i c a l  areas must 
be considered i n  t h e  Boost p r o f i l e .  
F i r s t ,  t h e  l i f t o f f  i s  e s s e n t i a l l v  a  s tep- func t ion .  Since t h e  v e h i c l e  
i s  i n i t i a l l y  on t h e  pad i n  a  oi tched-up a t t i t u d e  (weight  o f  t h e  crew on t h e  back), 
t h e  motion system t i l t  w i l l  be i n i t i a l i z e d  i n  t h i s  a t t i t u d e  ( t o  50°)- as a  constant  
4+ 
u n t i l  l i f t o f f .  Rapid response o f  the  mot ion system i s  t h e r e f o r e  avoided. 
The second c r i t i c a l  p o i n t  i s  a t  SRB burnout.  The SRB cores a r e  expected 
t o  be tapered t o  p rov ide  a  gradual decay o f  t h r u s t  f o rce .  Using t h e  SHUCS *data 
generated by the  Boeing Company dated February 5 ,  1973, t h i s  acce le ra t i on  decay i s  
+l 
approximate ly  1/3 G/second. As can be  seen i n  f i g u r e  4.3.7.4-1, t h e  a c c e l e r a t i o n  
from t h e  Main Engines alone a t  t h i s  p o i n t  i s  approximately .75G. Since t h e  tilt 
ax is  covers t h e  range .433G t o  3.06, t h e  acce le ra t i on  p r o f i l e  i s  accomplished by 
d e r o t a t i o n  o f  the  t i lt a x i s  a t  an average r a t e  o f  approximately 10°/second. Th is  
. . i s  w e l l  w i t h i n  t h e  c a o a b i l i t y  o f  t h e  base l ined system. 
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The t h i r d  c r i t i c a l  p o i n t  a l s o  occurs i n  t h e  boost  mode. See f i g u r e  11 
4.3.7.4-2. Th is  i s  e i t h e r  a t  o r b i t  i n s e r t i o n  o r  an a b o r t  f rom 36 l o n q i t u d i n a l  I I
acce lera t ion .  I n  e i t h e r  case, t h e  maximum r a t e  o f  t h e  t i lt svstem i s  exceeded. I I
Singer experinece on t h e  T-27 Space F l i g h t  Simulator ,  which used t h e  same phi losonhv I1 
f o r  t i l t ,  has shown t h a t  t h e  l a g  i n  t h e  l o n g i t u d i n a l  a c c e l e r a t i o n  cue a t  o r b i t  i /
i n s e r t i o n  i s  no t  a  problem. The change i n  crew d u t i e s  a t  o r b i t  i n s e r t i o n  genera l l y  1 1  
do n o t  r e q u i r e  a  f a s t  response. The l a g  a t  launch abor t ,  p a r t i c u l a r l y  if accom- I I 
p l i s h e d  under very significant.dynamic.nressure, amears  c r i t i c a l .  The main I I 
enoines t h r u s t  decays a t  a  r a t e  o f  approximately 7.5G/second i n  emergency shut-down. Il 
To d u p l i c a t e  t h i s  curve would r e q u i r e  a  d e r o t a t i o n  o f  t h e  t i lt a t  225?/second 
average ra te .  The base l ined system i s  expected t o  be capable o f  40°/second f o r  
the  t i l t  ax i s  and 15'/second f o r  t h e  p l a t f o r m  dero ta ted  i n  p a r a l l e l  (averaqe r a t e s ) .  
The tilt w i l l  t h e r e f o r e  be dero ta ted  t o  42.6O a f t e r  .86 seconds and t o  zero a f t e r  
1.925 seconds (p lus  wash-out t imes)  compared t o  t h e  r e a l  wor ld  reouirement o f  
.19 and .4 seconds. 
" 
Some improvement i n  performance o f  t h e  d e r o t a t i o n  could be r e a l i z e d  1 1 
by increas ing  t h e  p r o p o r t i o n  o f  tilt prov ided by t h e  p la t fo rm.  Powever, t h e  / / 
combined r a t e  i s  55'/second r e s u l t i n g  i n  1.64 seconds f o r  100% wash-out. The 
improvement i s  probably no t  wor th  t h e  so f tware  cos t  o f  implementing - e s p e c i a l l y  
s ince the  added p i t c h  p la t fo rm excurs ion reduces t h e  p i t c h i n g  c a p a b i l i t y .  I 
4.3.7.5.  MCC I n t e r f a c e  TLM, DCS, T ra jec to ry  
The computer-to-computer i n t e r f a c e s  between t h e  Miss ion  Contro l  Center and 
t h e  S h u t t l e  Miss ion Simulator  w i l l  be accomplished by p r o v i d i n g  i n t e r f a c e  b u f f e r s  
and hard l i n e  data t r a n s f e r  equipment between the  two computers., The seven 
general b u f f e r  areas requ i red  i n  t h e  SMS computer complex i s  shown p i c t o r i a l l y  i n  
F igu re  4.3.7.5. 
The Target  Vehic le b u f f e r  w i l l  c o n s i s t  o f  approximately s i x  words o f  data 
con ta in ing  t a r g e t  v e h i c l e  i n d e n t i f i c a t i o n ,  t h ree  commanded a t t i t u d e  words, a  
h o r i z o n t a l  o r  v e r t i c a l  re fe rence word, a  t ime  i g n i t i o n  word, and the  t ime o f  burn. 
Th is  da ta  w i l l  enable MCC t o  maneuver t h e  s imulated t a r g e t  veh ic les  i n  t h e  SMS 
by command and f o r  t h e  s i m u l a t i o n  o f  t h e  t a r g e t  v e h i c l e  dynamics t o  be r e a l i s t i c  
f o r  v i sua l  cond i t i ons .  
The D i g i t a l  Command System o r  t h e  Up Data L i n k  w i l l  be s imulated by t h e  
SMS computer b u f f e r  accept ing and decoding t h e  MCC c rea ted command words. These 
commands prov ide  the  conununication l i n k  f o r  t r a n s f e r  o f  t h e  MCC computed s t a t e  
vec to r  data t o  t h e  S h u t t l e  GNC computer. The t r a n s f e r r e d  s t a t e  vec to r  should 
con ta in  ground equipment and data reduc t i on  propagated e r r o r s  s i m i l a r  t o  t h e  r e a l  
. 3 
world. System commands w i l l  be decoded by t h e  DCS program f o r  use by t h e  v e h i c l e  
sys tems . .d 
The computer mode o f  ope ra t i on  and t ime w i l l  be t r a n s f e r r e d  on a  two-way 
bas is  w i t h  bo th  computers p r o v i d i n g  data t o  t h e  o ther .  Master c lock  t ime data 
words w i l l  be generated by MCC f o r  use i n  t h e  SMS. I n  non- in tegra ted  modes t h e  
SMS w i l l  p rov ide  i t ' s  own t ime  base. 
6 
1 
The t r a j e c t o r y  da ta  b u f f e r  prov ides t h e  master event t ime data and s t a t e  
vec to r  data. The data b u f f e r  w i l l  p rov ide  f o r  unpacking two words o f  d i s c r e t e  
c o n f i g u r a t i o n  data parameters, and t ime words f o r  frame t ime and l i f t o f f  t ime. 
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Vehicle data for  s t a t e  vector posit ion and a t t i t u d e  a re  supplied t o  GSSC/MCC f o r  
nine ta rge t  vehicles and the shu t t l e .  The nine ta rge t  vehicles include the two 
so l id  rocket engines, the  external tank, a f r e e  f lying vehicle, and f ive  payload 
targets.  The packed discretes  wil l  ident i fy  whether the ta rge ts  are  attached o r  
unattached. 
The shu t t l e  vehicle telemetry data wi 11 be provided to  llCC by blocks 
over coax cable. The data block t ransfer  r a t e  will  be established a t  ten per 
second o r  52Kbs. Spare coax cable wi l l  allow simultaneous transmission of the 
payload 1.7 f,lHZ data when tha t  task t r a i n e r ( s )  i s  added. No software i s  provided 
f o r  payload dedicated telemetry on the 1 .7  MHz subcarr ier .  Payload data which i s  
transmitted on the 1.024 MHz subcarrier will  be provided. The maximum r a t e  of data 
t ransfer  over exis t ing equipment i s  approximately one-half the real world system 
r a t e  of 128 Kbs. 
The communi cation/tracki ng buffer wi 11 provide voice and data recorder 
s ta tus  and transceiver s t a tu s  along with t ransmit ter  output power t o  MCC. MCC 
will  be required t o  calculate  i f  an a i r  t o  ground voice/data l ink i s  possible.  
Each of these buffer areas may be combined w i t h  other buffer areas so as 
., 
t o  f u l l y  use the data transmission l i n k  capabi l i ty .  Typical overall  in terfaces  
between the computers i n  Building 5 and the GSSC/MCC complex i s  shown i n  the  following 
figures.  
D a t e  6 / 2 3 / 7 3  
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4.3.7.6 I n s t r u c t o r  Aids 
The s h u t t l e  systems i n s t r u c t o r  w i l l  be orov ided w i t h  computer generated 
d isp lays  t o  reduce s i m u l a t o r  data i n t o  a  more d i r e c t l y  useable t r a i n i n q  t o o l .  
These d iso lays  w i l l  use bo th  d i g i t a l  and graphics as a  means o f  p resenta t ion  o f  
data. The d isp lays  w i l l  a l s o  p rov ide  sof tware system t e s t  and checkout c a n a b i l i t y  
w i t h o u t  us inp  crew s t a t i o n  meters and d isp lays .  I n  a d d i t i o n  parameters generated 
f o r  i n t e r n a l  sof tware s imu la t i on  usage w i l l  be provided. 
The f o l l o w i n g  examples are used t o  i n d i c a t e  t h e  tyoes o f  d i sp lays  t h a t  
a r e  f e a s i b l e  and i n  some cases are i n  use i n  e x i s t i n g  s imu la tors .  
A  combination o f  graphics and d i q i t a l  d i s o l a y  w i l l  be used f o r  t h e  
e l e c t r i c a l  system power balance and d i s t r i b u t i o n .  The d i s p l a y  w i l l  con ta in  nodal 
c u r r e n t  summations, bus v o l  taqes, in te r -bus  cu r ren ts ,  and i n te r -bus  c i r c u i t  breaker 
s ta tus .  Another d i s p l a y  w i l l  be dedicated t o  a  summation o f  the  i n d i v i d u a l  and 
c o l l e c t i v e  bus loads f o r  t h e  AC buses and DC buses. I n d i v i d u a l  d isp lays  w i l l  a l s o  
be prov ided f o r  re1  ay s t a t e ,  vo l  tape, cu r ren t ,  heat, ma l func t ions  a c t i v e  f o r  
. ~ 
var ious components o f  the  e l e c t r i c a l  system such as regu la to rs ,  b a t t e r i e s ,  chargers, 
i n v e r t e r s ,  and generators. Th is  t ype  o f  p resen ta t i on  i s  t y p i c a l  o f  a l l  systems f o r  
the on-board system t e s t  and support  d isp lays .  = P 
. . 
"Predi  c t e r "  d i sp lays  w i l l  p rov ide  the  i n s t r u c t o r  a means o f  determin ing 
the  c o n d i t i o n  o r  s t a t e  o f  consumables, energy, o r  communication l i nkage  a t  a  f u t u r e  
' t ime po in t .  For example, the  "Communication P r e d i c t e r "  would d i s p l a y  t h e  n e x t  
ground s t a t i o n  t o  be acqui red and t h e  est imated t ime u n t i l  l i n e - o f - s i g h t  i s  acquired. 
Th i s  p r e d i c t e r  i s  a n t i c i p a t e d  t o  be l i m i t e d  t o  o r b i t a l  operat ions us ing  STDN 
s t a t i o n s  only .  The Eneray Manaaement g raoh ic  d i s p l a y  i s  a  type o f  p r e d i c t e r  which 
shows the  est imated down range and cross-ranqe c a p a b i l i t y  o f  t h e  v e h i c l e  based on 
i t s  a l t i t u d e ,  speed, and aerodynamic c h a r a c t e r i s t i c s .  The eneray management d i s n l a y  
w i l l  a l so  g r a p h i c a l l y  d i s p l a y  the nr imary and secondary l and inq  s i t e s  and runway 
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orientat ion,  wind direct ion,  ideal  approach pat tern,  e tc .  In addition to  these 
displays,  an estimated system capabi l i ty  could be disolayed f o r  e l ec t r i ca l  consumcl- 
t ion ra te  versus to ta l  nower available (from ba t t e r i e s ,  APU's, fuel c e l l s ,  e t c . )  
o r  f o r  water consumption versus water quanti ty on hand and fuel ce l l  water t o  be 
generated. Such displays would provide the ins t ruc tor  with a means of estimatino 
vehicle s t a tu s  a t  a future  time point based on inser ted system malfunctions. A 
ground track predictor display could be used t o  disolay recent and anticipated 
ground track against continental out l ines  and STDN s ta t ions  (and t h e i r  approximate 
communication ranqes) durinq orb i ta l  operations. Caoabili t i e s  s imilar  t o  those of 
the current CMS ALOS program could be provided, including sequential l i s t s  of STDN 
s ta t ions  t o  be acquired over an interval  of future  time, and t h e i r  acquisit ion and 
loss times (assuming no burns) durinq orb i ta l  operations. A capabil i ty could be 
provided t o  calculate  time of c loses t  qround track approach on the next o r h i t  t o  
a given ear th  location,  as well as other parameters a t  the ins tan t  of c loses t  
approach such as a l t i t ude ,  range and bearinq t o  the around location,  and line-of- 
s i g h t  elevation anqle a t  the qround location. 
A s t a t e  vector generation program s imi la r  t o  the CMS STAT proaram could 
be included, t o  permit t ra jectory reset  of the s h u t t l e  o r  a t a rge t  yehicle t o  any 
desired t ranslat ional  s t a t e .  That t ransla t ional  s t a t e  could be specif ied by 
ordinary rectangular coordinates i n  any of several coordinate systems, by orbi ta l  
elements, by ground-~rojected location and local horizontal velocity properties.  
o r  by any of several other methods. Assuming a MCC role i n  o rb i ta l  burn ta rge t t ing ,  
a package of tarqet t inq and burn sequencinq programs could be provided f o r  ins t ruc tor  
use operating direct ly  off  simulator EOM datar Such a system, s imi la r  t o  tha t  
4 
currently exis t ing i n  the  CMS MTP proqram packaqe, would oermit the ins t ruc tor  t o  
-. 
"simulate" the RTCC, and possess information analogous t o  t h a t  of a MCC control ler .  
Existing CMS target t ing programs output such data as burn  time, bum duration,  
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velocity t o  be pained along each axis ,  burn a t t i t u d e ,  e tc .  
The use of an a l l  a t t i t ude  p l a t f o n  wil l  reduce p l a t f o m  alignment 
problems, and increased shu t t l e  autonomy may fur ther  impact ground par t ic ipat ion 
i n  p l a t f o m  realignment. However, i t  i s  desirable t o  avoid the  "gimbal-flip" 
reqion with 4-gimbal platforms, s o  platform realignments may s t i l l  be made. I f  
the ground has a ro le  in t h i s  ac t i v i t y ,  an aliqnment qenerating routine analorlous 
t o  the CMS RFMT program may be desi rable .  
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I 1.3.8 Equations o f  Mot ion 
t' 
~' 
The equat ions o f  mot ion  system w i l l  s imu la te  t h e  dynamic and p h y s i c a l  
I 
I env i ron~nent  f o r  t h e  s h u t t l e  v e h i c l e  and each t a r g e t  'vehic le.  I n p u t s  t o  t h e  i 
equat ions o f  mot ion  i n c l u d e  forces,  moments, mass data  f rom s imula ted  on-board 
systems, and guidance-type i n p u t s  t o  t h e  genera l i zed t a r g e t  v e h i c l e  p r o p u l s i o n  
systetv-. The cq i l z t i cns  o f  mot ion sys tcn  i s  cor ,ccptuz l ly  subdivided as s h o i ~ ~ i  
be1 ow: 
EQUATIOIIS OF MOTIOE! 
r-------- ----------- 1 
A - 1 Forces, o ~ l e n t s .  Flass Data SHUTTLE VEHICLE 
f rom on-Uoard Systerf~ans,,tionf~ EOM ! V e h i c l e  k+ 
'7=!---- - 
I t 
i state 
' I 0 I Y 1 I I I I 
6 ~~q 
I I .  
I I 
T i  r e  I I Ear th  O r i c n t a t i o ~ i  -. 
i c e l e s t i a l  Bodies @ 
I 
. I I I 
D 
I I 
A number o f  coord ina te  systems w i l l  be used t o  s imu la te  v e h i c l e  dynamics. 
The f o l l o w i n g  symbols w i l l  be used f o r  coo rd ina te  systems: 
T coord ina te  system ( e a r t h  centered) - epoch a t  r e s e t  p o i n t  
X-axis: i n t e r s e c t i o n  of t r u e  equator and t r u e  e c l i p t i c  a t  epoch, p o s i t i v e  
toward verna l  equinox. 
Z-axis:  t r u e  e a r t h  no r th -po la r  s p i n  a x i s  a t  epoch. 
. . 
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Y-axis: completes right-handed orthogonal t r i a d .  . 
S coordinate system (ear th  centered) 
X-axis: in tersect ion of mean equator and mean equinox a t  epoch. 1950.0, pos i t ive  
toward vernal equinox. ' 
Z-axis: mean ea r th  north-polar spin ax i s  a t  epoch 1950.0. , 
Y-axis: completes right-handed orthogonal t r i a d .  
E coordinate system (ear th  centered) 
> 
X-axis: . in te rsec t ion  of ea r th  equatorial  plane and plane of Greenwich 
- 
meridian, pos i t ive  out a t  zero longitude. ' . , 
. 
Z-axis: Earth.north-polar spin ax i s  . . 
Y-axis: completes right-handed orthogonal t r i a d .  . 
F coordinate system (ear th  surface f ixed)  - f l a t  e a r th  system 
X-axis: posi t ive  north . 
Y-axis: pos i t ive  e a s t  
. . 
Z-axis: pos i t ive  down , - 
. * 
, 
- B  coordinate system (vehicle center  of mass centered) - 
X-axis: o rb i t e r  fuselage reference l i n e ,  pos i t ive  forward. 
Z-axis: perpendicular t o  X-axis i n  o r b i t e r  symmetry plane, pos i t ive  down. 
-. Y-axis: completes right-handed orthogonal t r i a d .  
THE S I N G E R  CCMPANY 
S I M U L A T I O N  PRODUCTS O l V l S i D N  
. . 
BINGHMCN. NEW YORK 
43.8.1 Shut t le  Vehicle 
The s h u t t l e  vehicle equations of motion wil l  provide a complete 
. , I 
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simulation of vehicle rota t ional  and t rans la t iona i  dynamics. The equations 
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wil l  operate under a l l  s h u t t l e  vehicle .space and f e r r y  mission configurations.  I 
Inputs t o  the  s h u t t l e  vehicle equations of motion will  include body forces  and 
. I 
moments from vehicle systems, aerosurface se t t i ngs ,  insturctor-determined 
- .  I 
environment inputs ,  consumable and payload mass proper t ies ;  and vehicle  I 
configuration. From t h i s  information, the'posi t i on ,  yeloci ty ,  a t t i t u d e ,  and 
a t t i t u d e  r a t e  wil l  be determined, as  well a s  other  parameters l i s t e d  i n  the  
following discussions. The conceptual design of the  shu t t l e  equations of motion 
is divided into  four subsystems a s  i l l u s t r a t e d  below: 
. . I 
, . ~~ ~~~ .- ~-~ 
consumable Mass Properties 
i Payload Mass Properties Configuration ' Body Moments From Vehicle Systems 
Displays 
Air Data 
Computer 
DATE 6/23/73 
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4.3.8.1 .l Translat ional  E0M 
The s imi la ted shu t t l e  vehic le t rans la t iona l  equations o f  motion 
w i l l  va in ta in  vehic le t rans la t iona l  state, given body forces, vehic le  mass, and 
vehic le o r ien ta t ion  i n  terms o f  the d i rec t i on  cosine mat r i x  r e l a t i n g  body f i x e d  
coordinates t o  E0M reference coordinates. Body forces which w i l l  be summed t o  
obtain t o t a l  body force are: 
SRM th rus t  
MPS th rus t  ( inc lud ing venting) 
OMS t h rus t  
RCS t h rus t  
ABPS forces 
Gear/Braking forces 
Drag Chute forces 
Aerodynamic forces ( inc lud ing prox imi ty  and ground e f f ec t s )  
Payload Manipulation forces 
C 
Docking forces 
The body forces are then transformed t o  the appropriate EOM reference 
coordinate system (T coordinate system or  appropriate F coordinate system), and 
div ided by t o t a l  vehic le mass t o  obta in  vehic le  body acceleration. During o r b i t a l  
!" 
f l i g h t ,  (which may be defined as f l i g h t  a t  o r b i t a l  ve loc i t y  w i t h  sustained body 
accelerat ion less than 3 &), an Encke o r b i t  determination scheme together 
w i t h  Runge-Kutta in tegra t ion  w i l l  update vehic le  s ta te  each 8 seconds, Vehicle s t a t ?  
w i l l  be estimated i n  the  intervening time by ext rapolat ing g rav i t y  from past values 
calculated a t  8 second in te rva ls ,  and in tegra t ing  d i r e c t l y  t o  f i n d  ve loc i t y  and 
posi t ion.  Pos i t ion and ve loc i t y  de l tas resu l t i ng  from body acceleratinn3 w i l l  be 
included i n  the appropriate fashion i n t o  the  Encke accumulated cen t ra l  body 
deviat ion s ta te  vector. An Encke scheme i s  selected over a Cowell scheme because 
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of the former's substantially higher accuracy, permitting a:relatively larger 
step size with superior precision. Encke i s  also very preferable for  accomplishing 
rapid step-ahead. Runge-Kutta integration i s  used i n  preference to a high-order 
predictor-corrector integrator (e.g., Adams-Moulton) because of Runge-Kutta's 
very high precision in handling such gravitational accelerations, and the fact  
t h a t  i s  i s  self-starting. Predictor-correctors require a number of past values 
which, due to  the stringent accuracy requirements, would probably have t o  be 
ini t ial ized in th i s  case using Runge-Kutta, thereby substantially complicating 
the program. Far less stringent accuracy requirements exist  on the past values 
for  the extrapolation, since extrapolation errors do n o t  propagate. Update each 
8 seconds should assure update "jugtpS" of less than 1 foot in position. During 
other than orbital f l ight ,  vehicle s ta te  will be maintained using a low-order 
predictor scheme (e.g., rectangular or Adams) and a Cowell orbit  determination 
scheme (due t o  the very substantial pr turbat ive  accelerations). During pre- 
launch ( i .e . ,  prior t o  hold down arm l i f t i ng ) ,  the s ta te  vector will be re- 
calculated directly using the earth rotation rate,  rather than integrated. State 
will be ~ i n t a i n e d  i n  the T system during space f l ights ,  until final approach, a t  
which time translation to  the appropriate flat-earth F coordinate system will be 
accomplished. A flat-earth F coordinate system will be used for ferry f l ights .  
Gravitational accelerations will be calculated using the J2,J3,J4, and J22 harmonics 
during regimes in which the T coordinate system i s  used. During regimes i n  which 
the F coordinate system i s  used, a central body gravitational f ie ld  with magnitude 
that of 30' lat i tude will be used. Parameters o u t p u t  for  other systems and displays 
a t  a l l  time, will include: 
vehicle s t a t e  (includes vehicle al t i tude) 
vehicle lat i tude and longitude 
vehicle ground track heading 
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I 
vehic le  r e l a t e  ve loc i t y  
vehic le  f l i g h t  path angle 
I n  regimes i n  which s ta te  i s  maintained i n  t he  T coordinate system, the fo l lowing 
addi t ional  outputs w i l l  be provided: 
* 
vehic le a l t i t u d e  
vehic le radius magnitude 
vehic le i n e r t i a l  ve loc i t y  magnitude 
vehic le s ta te  i n  S and E systems 
o r b i t a l  elements (semi-major axis, parameter, eccentr ic i ty ,  apogee, 
perigee, i nc l i na t i on ,  i n e r t i a l  l o g i  tude o f  ascending node, t rue 
anomaly, eccentr ic anomaly, i n e r t i a l  longi tude o f  perigee) 
time o f  next o r b i t a l  sunrise/sunset 
An i t e r a t i o n  r a t e  o f  20 per second i s  speci f ied.  Since aerodynamics, MPS. RCS, 
and OMS programs are i t e ra ted  a t  t h i s  rate, a s izable p a r t  o f  t rans la t iona l  R0M 
must operate t h i s  f a s t  t o  properly in ter face.  It i s  considered desirable t o  also 
operate the remainder o f  the program a t  the same r a t e  t o  obtain accurate g rav i ta -  
t i o n a l  e f fects .  Although a l l  d isplay parameters are shown i n  the conceptual design 
as being updated each 50 mil l iseconds, t h i s  i s  probably no t  necessary i n  ill cases. 
Thus, i f  time i s  c r i t i c a l ,  some o f  these may be updated less frequently, a t  the  
cost of some complication o f  the conceptual design. The conceptual design i s  
sketched i n  f i g u r e  4.3.20.1 .l-1. A l l  coordinate transformation, except t h a t  from 
B coordinates t o  I o r  F coordinates, w i l l  be calculated i n  block ( 7 )  o r  block (15) 
thereof. I n  step-ahead mode, the EnckejRunge-Kutta loop only w i l l  be used f o r  
in tegra t ion  (blocks (11 ) through (1 3)) apd the  ext rapolat ion l o g i c  bypassed. A 
larger  step s i z$  than 8 seconds can be u t i l i z e d  (one minute - would not  be excessive). 
.The only non-gravitat ional per turbat ive force included during step-ahead w i l l  be 
o r b i t a l  drag. It w i l l  be calculated using the l a s t  values o f  aero coe f f i c i en t s  
- 
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
a .  B I N W M C N .  NEW YORK I A 
I and angle of a t tack obtained pr ior  t o  entering s t ep  ahead. Dynamic pressure will  
PAGE NO. 4.3-227 DATE 6/23/73 
REV. 
I be recalculated,  the  forces  and accelerat ions  re-computed and approximately trans- 
THE S I N G E R  COMPANY 
SIMULATION PRODUCTS D I V I S I O N ,  , 
formed t o  the  T coordinate system once per step-ahead step.  Drag will be assumed 
i 
, . .< 
BINGHAMTCN. NEW YORK 
constant over one integrat ion s tep.  
* 
REP. NO. 
I tmdv 
Date 6/23/73 Page No. 
(5) Flnd grav i ta t iona l  
acceleration 
7 
17) Find appropriate 
d isplay parameters 
A - f (3 
. y;) 
L f2 (:) 
* = f2 (V) :€ - f&l?.~.L~ 
Vr. fP (3)  I.I~;, ~,I:.I~I). d i s ~ l a y  paran, 
t a t e  1 
(6) Integrate for  
Velocity, pos i t ion  
V * j ( Z b 6  ) d t  t ?old 
; = II( ia+as) dtWold 
(1) Slim (2 )  Transform t o  
Body Forces E0M coordlnates 
+ 
Fbb = L (body forces) 
b 
(14) Transform s I and d i rec t ,  
tmdy forces 
(Aero and On-board systems) 
d i r ec t i on  cosines 
on 
cosines from T 
system t o  L system 
b 
, 
A 
FIGURE 4.3.8.1.1-1 TRAllSLRTlONAL EM 
(3) Find body 
accelerat ion 
* 
'b = 'b,/~ 
(Rotational Em) 
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SYMBOL DICTIONARY 
To ta l  body a c c e l e r a t i o n  
G r a v i t a t i o n a l  acce le ra t i on  
In te rmed ia te  g r a v i t a t i o n a l  a c c e l e r a t i o n  
In te rmed ia te  g r a v i t a t i o n a l  a c c e l e r a t i o n  
In te rmed ia te  g r a v i t a t i o n a l  a c c e l e r a t i o n  
Cosine o f  Q G ~ A  
t o t a l  body force,  B coords. 
t o t a l  body force,  T o r  L coords. 
v e h i c l e  a l t i t u d e  
a1 t i  tude r a t e  
Runge-Kutta l o g i c  f l a g  
v e h i c l e  l o n g i t u d e  
t o t a l  v e h i c l e  mass 
v e h i c l e  p o s i t i o n ,  T o r  L coords. 
Veh ic le  pos i t i on ,  S  coords. 
Encke re ference v e h i c l e  p o s i t i o n  
v e h i c l e  p o s i t i o n  a t  l a s t  low 
speed loop  dpdate 
s i n e  o f  OGHA 
+ 
V v e h i c l e  v e l o c i t y ,  T o r  L 
coords. 
+ 
850 v e h i c l e  v e l o c i t y ,  S coords 
-+ 
v E v e h i c l e  v e l o c i t y ,  Ecoords 
3 
Vupd v e h i c l e  v e l o c i t y  a t  l a s t  
low speed update 
V r  v e h i c l e  r e l a t i v e  v e l o c i t y  
magnitude 
Y f l i g h t  pa th  angle 
[Y 1' d i r e c t i o n  cosine m a t r i x  
d i r e c t i o n  cosine m a t r i x  
between E coordinates and 
C coordinates 
d e l t a  p o s i t i o n  due t o  body 
f o r c e  s ince  l a s t  update 
d e l t a  p o s i t i o n  due t o  grav 
s ince  l a s t  update 
d e l t a  v e l o c i t y  due t o  body 
f o r c e  s ince  l a s t  update 
d e l t a  v e l o c i t y  due t o  
g r a v i t y  s ince  l a s t  update 
Q G ~  Greenwich hour angle 
A v e h i c l e  l o n g i t u d e  
9 v e h i c l e  ground t r a c k  heading 
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The simulated s h u t t l e  vehicle rota t ional  equations of motion will 
maintain vehicle a t t i t u d e  and a t t i t u d e  ra tes  given current vehicle posit ion,  center 
of mass, i n e t t i a  tensor, and vehicle body forces and moments. Body force,  and 
moments included i n  the calculat ion of vehicle rotational dynamics are:  
SRM thrust  
MPS thrus t  (including venting) 
gMS thrus t  
~. . ~ ~ , ~  . - 
RCS th rus t  , . . 8 
. . 
. , ,  . ABPS forces .. . , . ..~ .~ 
Gear/Braki ng forces . ~ .  . . 
Drag chute forces 
Aerodynamic moments (including proximity and ground e f f e c t s )  
Pay1 oad Manipulation moments 
Docking Moments 
Body moments resul t ing from body Forces a r e  calculated using ' t he  fixed 
posit ion of the application point and the current posit ion of the vehicle center 
of mass. The rotational e f fec t s  of moving payload doors/space radiators" will  be 
calculated,  and included w i t h i n  the rotat ional  dynamics. Gravity gradient torques 
wil l  be calculated and included in  the aggregate body moments. Euler 's  equations 
will  be solved t o  obtain angular accelerations,  and wi l l  be integrated t o  ohtain 
angular ra tes .  Rates and a t t i t ude  changes due to prelaunch constraints will  be 
simulated pr ior  t o  l i f t o f f .  The s t ruc tura l  body fixed coordinate system will  be 
used f o r  the iner t ia  tensor and angular velocity. The  use of principal axes resul t  
i n  a considerably simplified form of Euler 's  equations. However, t h i s  advantage i s  
largely negated i f  the or ientat ion of the  principal axes tend t o  move substant ia l ly  
with respect t o  body axes i n  time. Time, and especially core, required 
to calculate  the body-to-principal axes 
r 
OAT€ 6/23/73 
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t rans format ion  tends t o  erase the  advantages o f  p r i n c i p a l  axes, and more. I t  
appears c u r r e n t l y  t h a t  du r ing  many miss ion phases, t h e  p r i n c i p a l  axes migra te  
s u f f i c i e n t l y  much t o  r e q u i r e  r e c a l c u l a t i o n .  Thus, p r i n c i p a l  axes a r e  n o t  used. 
This  choice should be re-evaluated as l a t e r  data becomes ava i l ab le .  The d i r e c t i o n  
cosine m a t r i x  w i l l  be obta ined from the  angular  v e l o c i t y  vec tor  us ing  s e l f -  
normal iz ing  d i f f e r e n c e  equat ions. Eu le r  angles w i t h  respect  t o  l o c a l  h o r i z o n t a l  
a re  then c a l c u l a t e d  f o r  purposes o f  d i s p l a y  us ing  t h e  d i r e c t i o n  cosines. The 
d i r e c t i o n  cosine m a t r i x  w i l l  t rans form f rom the  D coordinate system t o  e i t h e r  
the T o r  F coordinate system, depending upon which system i s  the  prime EOM 
coord ina te  system a t  t h e  t ime. Rota ional  dynamics should be updated 20 times 
per  second d u r i n g  regimes when a t h r u s t  vec to r  c o n t r o l  sytem o r  aerosurfaces 
are i n  use f o r  good response c h a r a c t e r i s t i c s .  A t  l e a s t  p a r t  o f  the  system 
must be i t e r a t e d  a t  t h a t  r a t e  du r ing  o r b i t a l  coas t  modes t o  proper ly .  i n t e r f a c e  
w i t h  t h e  s imulated RCS. Under those circumstances, i t  seems des i rab le  t o  
i t e r a t e  the  program a t  t h a t  r a t e  a t  a l l  t imes. The conceptual design i s  
i l l u s t r a t e d  i n  F igure  4.3.8.1.2-1. 
" 8 
5 
j 
I 
I 
* 
1 
I 
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bod" forcerlmoments 1 i n e r t i a  tensor I 
(on-board systems and Aero) (Mass Properties) 
(1) A c c m l a t e  moments 
due t o  body forces 
+ 
Ltmp - f (body forces. 
(6) Find angular rates (7) Calculate d i rec t ion  L, (8) Calculate body t o  loca l  ' horizontal Euler angles 
cosine w t r i x  - B~H.$~H.#BH - fl[y, t, $1 ( 1  system) 
8 - I i d t + t  CYI rn f(6, C 1 )  @BH,+BH,*BH . fZ(cy i )  (L system) 
- 
[ Angular Velocity , 1 Direct ion Cos inp 
(2) Add body moments (3)  Calculate grav i ty  
+ gradient torque 
L t m p  ' item9 + 
L (body moments) egrav = f(L Lyl, [Ill 
FIGURE %.?.En .24 1 ROTATIONAL EOM 
vehic le center of mass) 
T 
+ 
L T .. (Trans. EM) 
(4) Calculate f i n a l  
ro ta t iona l  parameters 
' ttemp + Igrav + tdoor 
SYMBOL DICTIONARY 
[I1 Vehicle inertia tensor 
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total body torque 
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-+ 
door torque due to moving doors 
+ 
L grav gravity gradient torque 
-+ 
L temp torque accumulator 
vehicle position 
vehicle velocity 
[ Y  1 direction cosine matrix 
QBH local horizontal pitch 
local horizontal roll 
$BH 
local horizontal yaw 
I 
I 
+ 
w angular velocity 
'-+ 
w angular acceleration 
. 
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The s h u t t l e  v e h i c l e  i s  a complex s t r u c t u r e  composed o f  an a i r c r a f t ,  
an e x t e r n a l  f u e l  tank, two st rap-on s o l i d  r o c k e t  motors and a payload. Dur ing 
powered f l i g h t  t h i s  s t r u c t u r e  i s  sub jec ted  t o  loads such as engine t h r u s t ,  
f u e l  s l o s h  and aerodynamic fo rces .  These fo rces  cause the  v e h i c l e  t o  
bend and r e s u l t  i n  s t r u c t u r a l  v i b r a t i o n s  p r i m a r i l y  a t  c e r t a i n  predetermined 
frequencies. These v i b r a t i o n s  i n  t u r n  feed i n t o  body-mounted accelerometers 
and r a t e  gyros which p rov ide  t h e  sensor data used i n  t h e  v e h i c l e  c o n t r o l  
system rate-feedback and l o a d - r e l i e f  c o n t r o l  loops. These accelerometers 
and r a t e  gyros a r e  normal ly  p laced i n  a veh ic le  i n  a manner t o  minimize 
. .  ~ ~ . . .~ 
t h e  sensing o f  t h e  t r a n s i e n t  e f f e c t s  due t o  bending, f u e l - s l o s h  and 
a e r o e l a s t i c i t y .  F i l t e r s  a re  then added t o  f u r t h e r  reduce these e f f e c t s  
a s  they  a r e  seen by  a c o n t r o l  system. I f  these p rov i s ions  a r e  adequate 
t o  f i l t e r  o u t  these v i b r a t i o n a l  modes f rom the s h u t t l e  c o n t r o l  system, i t  
i s  unnecessary t o  s imu la te  these dynamics i n  an as t ronau t  t r a i n i n g  device, 
, . ~ .  ~. .-. . ~. , 
and a r i g i d  body s imu la t i on  w i l l  s u f f i c e .  
~- ~ . 
The s h u t t l e  v e h i c l e  apparent ly  w i l l  i n c l u d e  n ine  r a t e  gyro 
- 
packages and s i x  bodymounted accelerometer packages. Each r a t e  gyro 
package conta ins th ree  r a t e  gyros which are  mounted mu tua l l y  perpend icu la r  
t o  one another.  The accelerometer packages each con ta in  two accelerometers. 
, . 
These are  normal ly  perpend icu la r  t o  one another and l i e  i n  a p lane 
perpend icu la r  t o  t h e  v e h i c l e  cen te r - l i ne .  Each r a t e  gyro  and each 
accelerometer may be mounted a p a r t  f rom t h e  o thers  i n  i t s  package. The 
i npu ts  t o  these 39 sensing devices w i l l  be s imu la ted  as outputs from the  I 
bending model should f l e x i b l e  body dynamics be determined t o  be necessary. 
I 
I f  t h e  bending exceeds t h e  c o n t r o l  system's c a p a b i l i t i e s ,  t h e  
. 
fo l lov r i ng  method o f  bending s i m u l a t i o n  i s  recommended. The s h u t t l e  v e h i c l e  
can be i d e a l i z e d  i n t o  a s t r u c t u r e  o f  rods, tubes and panels upon which 
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a re  a c t i n g  t h e  ex te rna l  fo rces  mentioned above. The bending o f  a  
s t r u c t u r e  under load i s  the  cumulat ive r e s u l t  o f  t h e  bending of  t h e  
i n d i v i d u a l  elements conlposing t h e  s t r u c t u r e .  A m a t r i x  method i s  reconmended 
REV. 
f o r  the  hand l ing  o f  the  q u a n t i t y  o f  data a r i s i n g  i n  t h e  s o l u t i o n s  o f  
f l e x u r e  c a l c u l a t i o n s  o f  such a  complex s t r u c t u r e .  Th is  method presents 
data i n  a  form s u i t a b l e  f o r  use i n  the  normal c a l c u l a t o r y  procedures 
o f  a  h igh  speed d i g i t a l  s i n iu la t i on  and a l lows s imp le  expansion o f  the  
program i s  requi red.  The bending equat ions o f  mot ion f o r  the  i d e a l i z e d  
system a r e  de f ined by a  se r ies  o f  m a t r i x  n ~ u l t i p l < c a t i o n s  where t h e  matr ices 
descr ibe t h e  t h r u s t  fo rce ,  s t r u c t u r e  elements, f u e l  s l osh  e f f e c t s  and 
BINWAMTW. NEW YMlK o ,( 
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The program w i l l  be computed a t  a  r a t e  o f  a t  l e a s t  t en  t imes 
per  second. Program outputs  w i l l  c o n s i s t  o f  r a t e s  and acce lera t ions  sensed 
by t h e  c o n t r o l  system devices and increments t o  r i g i d  body fo rces  and 
moments r e s u l t i n g  froni body f l e x i n g .  
The v e h i c l e ' s  mot ion can be a f fec ted "by  f u e l  s losh.  The 
s h u t t l e  conta ins f i v e  r e a c t i o n  c o n t r o l  system tanks i n  the  o r b i t e r ' s  nose 
and th ree  tanks i n  each o f  t h e  o r b i t a l  maneuvering system (OMS) engine pods. 
The payload bay i s  capable o f  con ta in ing  up t o  s i x  f u e l  tanks. .There a r e  
f o u r  f u e l  tanks i n  t h e  OMS pods, two p e r  pod. The ex te rna l  tank cons is ts  
o f  two main tank compartments. Neg lec t ing  t h e  c r y 0  tanks t h i s  accounts 
f o r  23 tanks o f  f u e l  t h a t  might  need s imu la t i ng .  
Dur ing t h e  f i r s t  s tage o f  f l i g h t  t h e  s l o s h  dynamics have been 
est imated t o  be i n  a  frequency range between 0.5 and 0.7 Hertz .  Dur ing 
+ 
t h e  second stage o f  f l i g h t  t h i s  frequency i s  expected t o  be between 0.3 
." 
and 0.5 Hertz .  One o f  t h e  reasons s losh  i s  c r i t i c a l  i s  due t o  t h e  forward 
l o c a t i o n  o f  the LO2 tank. Slosh e f f e c t s  t h i s  f a r  away f rom t h e  cen te r  o f  
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mass can have a  pronounced e f f e c t  on t h e  r o t a t i o n a l  dynamics o f  t h e  veh ic le .  
The choice o f  which tanks must be s imu la ted  w i l l  be a  f u n c t i o n  o f  those 
s l o s h i n g  e f f e c t s  which cannot be f i l t e r e d  ou t  o f  t h e  c o n t r o l  system 
e f f e c t i v e l y  and which bending e f f e c t s ,  which a r e  i n  p a r t  a  f u n c t i o n  o f  
'A 
s losh ,  cannot be f i l t e r e d  o u t  of the  c o n t r o l  system. 
The s i n ~ u l a t i o n  o f  f u e l  s l o s h  may be accomplished by assuming 
I 
the  f u e l  t o  a c t  s i m i l a r  t o  a spring-mass-damper system t i e d  t o  the  a i r f rame 
and a  r o t a t a b l e  i n e r t i a  coupled t o  t h e  v e h i c l e  s t r u c t u r e  through t h e  
damping a c t i o n  o f  i n t e r n a l  b a f f l e s .  The s losh  model w i l l  supply the  
. .~ . .  . 
mass center  vec tor  o f  t h e  f u e l  f o r  each tank t o  the  equat ions o f  motion. 
I t  w i l l  a l s o  supply t h e  fo rces  produced by f u e l  mot ion as t h e  v e h i c l e  
. ~. 
and f u e l  exchange momentum. Forces r e q u i r e d  by t h e  bending model a t  
o t h e r  c r i t i c a l  po in t s  i n  the  v e h i c l e  w i l l  a l s o  be supp l i ed  by t h e  f u e l  
s l o s h  model. 
The model requ i res  severa l  c o e f f i c i e n t s  and t h e i r  i n t e r a c t i o n  
e 
t h a t  w i l l  be de f ined as more design data becomes a v a i l a b l e .  Th is  w i l l  a l l ow  
a  d e s c r i p t i o n  o f  the  fo rces  i n  each p lane accounting f o r  any cross-coupl ing 
.. . 
t h a t  e x i s t s .  ,,. . . . ~ .  
The s losh  model program w i l l  be computed as f a s t  as any program 
. . 
. :, 
t h a t  uses i t s  outputs.  Th is  i s  20 times per  second, t h e  execut ion r a t e  o f  
the  r o t a t i o n a l  equat ions o f  motion. 
The f o l l o w i n g  f i g u r e  dep ic t s  a  f u n c t i o n a l  f l o w  o f  an approach 
t h a t  might  be used should f l e x i b l e  body dynamics s i m u l a t i o n  become necessary. 
The necess i ty  o f  t h i s  s i m u l a t i o n  w i l l  be,determined as the  s h u t t l e  design and 
dynamic c h a r a c t e r i s t i c s  become b e t t e r  def ined.  A e r o e l a s t i c i t y  s i m u l a t i o n  i s  
discussed f u r t h e r  i n  Sect ion  4.3.6.1.4. 
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It i s  est imated t h a t  t h e  a d d i t i o n  of body bending and f u e l  s l osh ing  w i l l  
r e s u l t  i n  t h e  fo l l ow ing  core and t ime increments: .. . 
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4.3.8.1.3 Mass P roper t i es  , 
The s h u t t l e  v e h i c l e  mass p r o p e r t i e s  s i m u l a t i o n  must c a l c u l a t e  t h e  
REV. 
cu r ren t  v e h i c l e  mass, center  o f  mass, and i n e r t i a l  tensor  f o r  t h e  v e h i c l e  equat ions 
o f  motion. Mass p r o p e r t i e s  w i l l  be c a l c u l a t e d  i n  t h e  B coordinate system. I n  
o rder  t o  accomplish t h i s ,  t h e  mass p r o p e r t i e s  s i m u l a t i o n  ob ta ins  i n fo rma t ion  on 
mass and mass d i s t r i b u t i o n  o f  on-board consumables f rom t h e  s imulated v e h i c l e  
systems, and on v e h i c l e  c o n f i g u r a t i o n  from t h e  environmental c o n t r o l  system, 
, . 
. .. 
6 I N W M O N .  NEW YORK 
payload accommodation system, s imu la ted  docking system, s imu la ted  SRM's, and 
REP. NO. 
- 
s imulated ex te rna l  tank. The mass p r o p e r t i e s  s i m u l a t i o n  accepts t h e  f o l l o w i n g  
s p e c i f i c  dynamic inputs :  
Consumables 
I n e r t i a l  Tensor 
Mass Center o f  Mass (about own C.M.) 
MPS Fue l /Ox id izer  X X X 
SRM Fuel X X X 
X X RCS P rope l l an t  
+v 
0:iS Fuel /Oxi d i  ze r  X X X 
APBS Fuel X X X 
- 
APU Fuel X X 
Cryogenics Reactant X 
.. 
Water X 
I 
I 
I 
DATE 6/23/73 
REV. 
Con f i gu ra t i on  
SRM's Attachment boolean 
External  tank  Attachment boolean 
Payload Doors Center o f  mass, i n e r t i a  tensor  about own C.M. 
Space Radiators Center o f  mass, i n e r t i a  tensor  about own C.M. 
Payload Manipulator  Center o f  mass, i n e r t i a  tensor  about own C.M. 
Target  Vehic les 
Each t a r g e t  v e h i c l e  Attachmentldocked status,  mass, cen te r  o f  mass 
( s h u t t l e  body coordinates) ,  i n e r t i a  tensor  about 
own C.M. 
Other consumable o r  c o n f i g u r a t i o n  changes a r e  n o t  expected t o  be o f  s u f f i c i e n t  
magnitude t o  warrant  s imu la t ion .  The s imulated mass p r o p e r t i e s  must be updated 
t e n  t imes per second du r ing  boost. A t  o the r  t imes, however, mass f l ows  a r e  
s u f f i c i e n t l y  low t o  pe rm i t  slower i t e r a t i o n  ra tes .  Wi th approximate OMS mass 
f l o w  o f  .5 2 per engine, ABPS mass f l o w  o f  .6 2, and RCS mass f l o w  o f  
.15 per  j e t ,  an update r a t e  o f  once per two seconds should be feas ib le .  
However, t o  c o r r e c t l y  s imu la te  docking/payload attachment e f f e c t s ,  must f a s t e r  
response i s  requi red.  Whenever any change i n  docking o r  attachment s t a t u s  
takes place, i t s  e f f e c t  should be r e f l e c t e d  as soon as poss ib le  i n  v e h i c l e  
mass proper t ies .  Thus, i n  o r b i t ,  t h e  p o r t i o n  o f  t h e  program which handles 
dockedlattached con f i gu ra t i ons  i s  updated t e n  t imes per  second. The conceptual 
design i s  i l l u s t r a t e d  i n  f i g u r e  4.3.8.1.3-1. 
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Synibol D i c t i o n a r y  f o r  F igu re  4.3.8.1.3-1 
. 
I, c l u s t e r  x -ax i s  moment o f  i n e r t i a  M t o t a l  c l u s t e r  mass 
Iy c l u s t e r  y - a x i s  moment o f  i n e r t i a  Ms s h u t t l e  v e h i c l e  mass 
IZ c l u s t e r  z -ax is  molllent o f  i n e r t i a  (exc lus i ve  o f  payloads) 
-I. Ixy c l u s t e r  x-y product  o f  i n e r t i a  c l u s t e r  C.M. p o s i t i o n  
Iyz c l u s t e r  y-z product o f  i n e r t i a  vec to r  (body coord ina tes)  
+ 
rcms s h u t t l e  v e h i c l e  C.M. 
p o s i t i o n  (exc lus i ve  o f  
~. . . . - .  . ~ . ~ .  . . . .. ., ~ . . . .~ , 
I . ,  
payloads) 
' The consumable masses w i l l  be added t o  t h e  v e h i c l e  d r y  mass, a  r e s e t  constant ,  
t o  o b t a i n  MS. Then, TcmS w i l l  be c a l c u l a t e d  us ing  t h e  consumable masses and 
mass centers,  masses and mass centers  o f  c o n f i g u r a t i o n  changeable p o r t i o n s ,  and 
t h e  mass and mass center  o f  t h e  remainder o f  the  veh ic le .  Consumable mass 
centers  n o t  s p e c i f i e d  above as c a l c u l a t e d  dynamical ly  w i l l  be represented by 
r e s e t  constants.  S h u t t l e  v e h i c l e  i n e r t i a  tensor  ( l ess  payloads) w i l l  be 
c a l c u l a t e d  us ing  t h e  component masses, mass centers, and i n e r t i a  tensors . 
spec i f i ed  above (except  f o r  t a r g e t  veh i c les ) ,  as we l l  as mass p r o p e r t i e s  o f  
t h e  remainder o f  t h e  veh ic le .  When a  component's i n e r t i a  tensor  i s  n o t  
s p e c i f i e d  above as ca l cu la ted  dynamical ly,  i t  w i l l  be assumed t h a t  a l l  i t s  
mass i s  concentrated a t  i ts.mass center .  Once s h u t t l e  v e h i c l e  ( l ess  payload) 
mass p r o p e r t i e s  a r e  found, they  a r e  then combined w i t h  mass p r o p e r t i e s  o f  
at tached payloads t o  o b t a i n  c l u s t e r  mass p rope r t i es .  
I 
4.3.8.1.4 Aerodynamics 
The s imu la ted  s h u t t l e  v e h i c l e  aerodynamics prov ides fo rces  and 
moments due t o  v e h i c l e  mot ion through t h e  atmosphere t o  t h e  s h u t t l e  v e h i c l e  equa- 
DATE 6/23/73 
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t i o n s  o f  motion. I npu ts  t o  the  s imulated aerodynamics i nc lude  v e h i c l e  pos i t i on ,  
v e l o c i t y ,  a l t i t u d e ,  and a1 t i t u d e  r a t e  ( f rom t r a n s l a t i o n a l  E0M); d i r e c t i o n  cosine 
m a t r i x  and angular  v e l o c i t y  (from r o t a t i o n a l  EOM) ; aerosurface d e f l e c t i o n s  (from 
Aerosurface c o n t r o l ) ;  p r o x i m i t y  aerodynamic e f fec ts  (from t a r g e t  v e h i c l e  aero- 
f l i g h t  aerodynamics); p i l o t  barometr ic  c o r r e c t i o n  s e t t i n g  ( f rom t h e  crew s t a t i o n ) ;  
and wind ve loc i ty /az imuth ,  gust  s e t t i n g s ,  sea l e v e l  temperature, and barometr ic  
pressure s e t t i n g  ( f rom i n s t r u c t o r  s t a t i o n ) .  Outputs i nc lude  aerodynamic f o r c e  
and moment (both i n  the  B coordinate system), ambient and dynamic pressure, t r u e  
and i n d i c a t e d  airspeed, i n d i c a t e d  a l t i t u d e ,  ambient ou ts ide  a i r  temperature, and 
angles o f  a t t a c k  and s i d e s l i p .  Veh ic le  p o s i t i o n  and v e l o c i t y  w i l l  be used t o  
c a l c u l a t e  v e l o c i t y  w i t h  respect  t o  r o t a t i n g  atmosphere ( t a k i n g  due account of the  
c u r r e n t  E0M coord ina te  system). Wind and rough a i r  e f f e c t s  a re  then inc luded 
t o  o b t a i n  v e l o c i t y  w i t h  respect  t o  the  moving atmosphere, which i s  then r o t a t e d  
t o  the  0 coordinate system. A pres tored wind p r o f i l e  ( v e l o c i t y  and azimuth) w i l l  
be u t i l i z e d ,  w i t h  i n s t r u c t o r  ove r r i de  c a p a b i l i t y .  Dur ing space f l i gh t  missions, 
a 
p r o v i s i o n  w i l l  be made f o r  d i f f e r i n g  wind p r o f i l e s  f o r  boost and en t r y .  Dur ing 
' . 
boost, o r b i t ,  and h i g h - a l t i t u d e  phases o f  en t ry ,  nominal p r o f i l e s  o f  atmospheric 
dens i ty ,  temperature, and pressure versus a l t i t u d e  w i l l  be used. Durinq low- 
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a l t i t u d e  phases o f  en t r y ,  and dur ing  f e r r y  f l i g h t s ,  i n s t r u c t o r  c o n t r o l  over 
atmospheric cond i t i ons  w i l l  be prov ided through v a r i a b l e  s e t t i n g s  o f  sea l e v e l  
temperature and baromet r ic  pressure. I n  t h i s  regime, s imu la t i on  o f  atmospheric 
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p rope r t i es  w i l l  be based on p ressu re -a l t i t ude .  Dur ing re-entry ,  d e l t a - e f f e c t s  
% 
due t o  i n s t r u c t o r  s e t t i n g s  w i l l  be g r a d u a l l y  i nc luded  below a s p e c i f i c  a l t i t u d e ,  
u n t i l  they are f u l l y  e f f e c t i v e  a t  a lower a l t i t u d e ,  i n  order  t o  p rov ide  smooth 
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t r a n s i t i o n .  Separate c a l c u l a t i o n s  o f  aerodynamic fo rces  and moments are  prov ided 
f o r  each o f  t h e  th ree  p r i n c i p a l  c o n f i g u r a t i o n s  present  du r ing  space missions, 
namely, o r b i t e r  + tank + SRM's ( f i r s t  stage),  o r b i t e r  + tank (second stage),  and 
o r b i t e r  alone. O r b i t e r  alone c a l c u l a t i o n s  w i l l  be capable o f  s imu la t i ng  bo th  
t h e  space miss ion  and f e r r y  miss ion  c o n f i g u r a t i o n  aerodynamic p rope r t i es .  Aero- 
dynamic fo rces  and moments w i l l  be computed i n  the  6-coordinate system f o r  bo th  
boost con f i gu ra t i ons  and i n  s t a b i l i t y  axes du r ing  o rb i t e r -a lone  con f i gu ra t i on .  
S t a b i l i t y  a x i s  fo rces  and moments w i l l  be transformed t o  the 6-coordinate system 
before  e x i t i n g  t h e  program. Aerodynamic c o e f f i c i e n t s  w i  11 be s imulated us ing  
combinations o f  f u n c t i o n s  o f  one, two, and/or t h r e e  va r iab les ,  constants, and 
mathematical expressions. The e f f e c t s  o f  v e h i c l e  e l a s t i c i t y  on v e h i c l e  aero- 
dynamics w i l l  be s imulated i n  t h e  convent ional  manner by i n t roduc ing -  aeroel a s t i c  
co r rec t i ons  i n t o  the  aerodynamic equat ions.  The general approach w i l l  be t o  
generate aerodynamic c h a r a c t e r i s t i c s  o f  a "clean" a i r c r a f t  i n  c r u i s e  s ta tus .  
Incremental e f f e c t s  o f  aerosurfaces, ground o r  t a r g e t  v e h i c l e  p rox im i t y ,  e t c .  
w i l l  then be combined w i t h  t h e  above t o  o b t a i n  a l l - c o n d i t i o n  performance simula- 
t i o n .  Prime aerodynamic parameters w i l l  be s imu la ted  t o  extended values of angle- 
o f -a t tack  and s i d e s l i p  t o  a f f o r d  reasonable s t a l l i n g  c h a r a c t e r i s t i c s .  D e f i n i t i o n  
o f  parameters upon which aerodynamic c o e f f i c i e n t s  w i  11 be dependent was genera l l y  
obta ined f rom c u r r e n t l y  e x i s t i n g  design data, which i s  incomplete. As a d d i t i o n a l  
data becomes a v a i l a b l e ,  parameter dependencies below should be reviewed and 
rev i sed  accordingly .  Dur ing o r b i t a l  phases, e f f e c t s  upon aerodynamic fo rces  of 
aerosurface d e f l e c t i o n s  w i l l  n o t  be simulated. A h i g h  aerodynamics i t e r a t i o n  r a t e  
du r ing  e n t r y  and f e r r y  i s  des i rab le  f o r  p roper  s i m u l a t i o n  o f  h ighe r  frequency 
e f f e c t s  w i t h i n  p i l o t  percept ion.  A r a t e  o f  20 per  second should be q u i t e  adequate 
t o  accomplish t h i s .  Cur ren t  Saturn boost  s imu la t i ons  have r u n  success fu l l y  with 
aerodynamics update r a t e s  o f  10 per  second. However, the  pe r iod  du r ing  t h e  max-q 
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r e g i o n  i n  which aerosurface c o n t r o l  i s  used on the  s h u t t l e  may render des i rab le  
a h i g h e r  update ra te .  Thus, a t  t h i s  t ime, a  20 p e r  second r a t e  i s  s p e c i f i e d  f o r  
boost  as w e l l .  During o r b i t a l  phases, aero e f f e c t s  are no t i ceab le  on l y  a f te r  
extended per iods  of t ime, and body r a t e s  (and t h e r e f o r e  r e l a t i v e  wind) do n o t  
change r a p i d l y  except over b r i e f  per iods  o f  t ime. Thus, an update r a t e  o f  tw ice  
per  second should be q u i t e  adequate i n  t h i s  phase. The aerodynamics conceptual 
design i s  sketched i n  F igure  4.3.8.1.4-1. 
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(1) VELOCITY WITH RESPECT TO MOVING (2) RELATIVE WIND 
ATMOSPHERE 
+ * .. 
V = f(r, V, w i n d s ,  r w g h  a i r )  
'1 
* 
v = Irl Cr 
'b i 
.. 
AMBIENT PRESSURE, 
AMBIENT TEIIP., - 
- 
CONTROL SETT. 
(AEROSURF. CONT.) 
F I G  4.3.8.1.4-1 - AERODYNRMICS 
(TV. AND ROT. EBM) 
- WINDS. ROUGH A I R  
INDICATED AIRSPEED 
l t lD lCATED ALTITUDE. 
DYN4HIC PRESSURE 
(PRESETIINSTRUCTDR CONTROL) 
. 
, . 
(CREW STATION INPUT) 
( 4 )  AERODYNAMIC FORCES AFRO (5) AERODYNAMIC MOMENTS 
CD = f l (Mn.  x.8.6r. arf, ae, aa, g r o u n d  e f f e c t s )  FORCES' C 1 ~ f l ( M n . ~ , ~ , r e g . a r , 6 r f , b a , a e . P s . r S )  + ' 
CL - fp(Mn. %.s,6r, a r f .  6e ,  aa. ground e f f e c t s )  .. C, = f2(~,. a, I, Feg. b r ,  6 r f ,  be, 6a. w . g r o u n d  effect 
* 
Y 
Cy - f3(Mn. a, 8, a r ,  a r t ,  ae, aa, Ps ,  r s )  Cn - f3(Mn. 5 .  6, reg. 6 r .  6 r f .  aa, 6% PI. r,) 
-+. + Faero - fu(q,  to, CL. Cy. m. p r o x l r n l t y  e f f e c t s )  
L,,,, f,(q, C, C,, C,. m. p r o x i m i t y  e f f e c t s )  
AERO 
m E M S  + 
(7)  AERODYMMIC MCNENTS - 
CA fl(Mn, a,  h,  ae )  C, - f i (Mn.  13. 6.3. 6 r )  
Cm = f,(Mn. a. ae)  
NO +n C - f3(Mn. B. 6 r )  
Laero = fdq ,  C, Cm. Cn. p r o x i m t t y  e f f e c t s )  
. ~. 
AERo 
MIHENTS * s. 
- 
E X I T  
b 
h A 
( 8 )  AERODYNAMIC FORCES *. 
CA - fl(Mn. a, h, b e 1  
CN = f2(M,. a,  6e)  
$y - f3(M,,, 8, 6 ~ )  
Faero ' f4(q ,  CA' CNs Cy) 
AERO 
FORCES * 
+n . . 
La,,, - fb (q .  CIS C,. Cn) 
(9) AERODYNAMIC MWENTS 
Cl = f l (Mn.  I. 6.3. a r )  
.. 
C, = f2(Mn. a. ae) I. 
C s f3(Mn. 8. br) 
AERO 
HDMEMS 
C 
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SYMBOL DICTIONARY FOR FIGURE 4.3.8.1.4 
C~ a x i a l  f o r c e  c o e f f i c i e n t  T~~ sea l e v e l  temperature 
-b 
C~ drag c o e f f i c i e n t  V v e h i c l e  v e l o c i t y  
C~ h f t  c o e f f i c i e n t  i i n d i c a t e d  a i rspeed 
-4. 
r o l l i n g  moment c o e f f i c i e n t  
"rb v e l o c i t y  w i t h  respect  t o  
moving atmosphere (B coord ina te  
cm 
p i t c h i n g  moment c o e f f i c i e n t  system) 
+ 
C~ normal f o r c e  c o e f f i c i e n t  v e l o c i t y  w i t h  respect  t o  
, moving atmosphere ( E l  
'n 
yawing moment c o e f f i c i e n t  coord ina te  sys tem) 
s i d e  f o r c e  c o e f f i c i e n t  
C~ 
, 
, . 
. 
-b 
Faero t o t a l  aerodynamic fo rce  'rt t r u e  a i rspeed 
h  a1 ti tude 
"s speed o f  sound 
k a1 t i  tude r a t e  a angle o f  a t t a c k  
H g i n s t  i n s t r u c t o r  bar0 s e t t i n g  6 s i d e s l i p  angle 
H g p i l o t  p i l o t  bar0 c o r r e c t i o n  [Y 1 d i r e c t i o n  cosine m a t r i x  
hi i n d i c a t e d  a1 ti tude 'a " a i l e r o n  ( d i f f e r e n t i a l  e levon)  de f  l e t i o n  
h~ pressure a1 ti tude 
+ t o t a l  aerodynamic moment - .  Laero . 6e e levon d e f l e c t i o n  ,.~ r 
Mn mach number 
ambient pressu@ Pamb & r  rudder d e f l e c t i o n  
Ps s t a b i l i t y  a x i s  r o l l  r a t e  . . & r f  rudder f l a r e  
9 dynamic pressure P atmospheric dens i t y  
+ 
r v e h i c l e  p o s i t i o n  + .. 
~. .. . 
o v e h i c l e  angular  v e l o c i t y  
rs s t a b i l i t y  a x i s  yaw r a t e  w v e h i c l e  body-axis p i t c h  r a t e  
? Y 
Tk absolute a i r  temperature 
- 
ou ts ide  a i r  temperature 
. . 
~ - 
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Aeroe las t i c  e f f e c t s  due t o  s t r u c t u r a l  bending and t o r s i o n  
w i l l  be s imu la ted  should i t  become necessary t o  i nc lude  f l e x i b l e  body 
dynamics i n  the  s h u t t l e  s imu la t i on .  The bas i c  design s t r u c t u r e  o f  the  
system would apply add i t i ons  and co r rec t i ons  t o  t h e  non-dimensional 
s t a b i l i t y  c o e f f i c i e n t s  i n  the  veh ic le  aerodynan~ics program. 
Ae roe las t i c  e f f e c t s  w i l l  be s imu la ted  du r ing  a  mated ascent, 
s taging,  e n t r y l t r a n s i  t i o n  and c ru i se / l and ing  operat ions.  ' These e f f e c t s  
can a r i s e  du r ing  these operat ions from any o f  the  fo l l ow ing :  
. 1. Wing torsion and bending due to :  i 8 : 
a. a i r l o a d s  i n e q u i l i b r i u m f l i g h t ,  
. . 
b. d i f f e r e n t i a l  e levon d e f l e c t i o n ,  
. . 
c. "dead weight" d i s t r i b u t i o n  when the  v e h i c l e  i s  
sub jec ted  t o  a  normal acce lera t ion ,  and 
d. e levon d e f l e c t i o n .  
. . 
2. V e r t i c a l  t a i l  t o r s i o n  and bending due t o  rudder d e f l e c t i o n .  
*. 
3.  Fuselage bending and t o r s i o n  due t o  a i r l oads  on t h e  v e r t i c a l  t a i l .  
4. Fuselage bending due t o  "dead weight"  d i s t r i b u t i o n  when 
t h e  v e h i c l e  i s  sub jec ted  t o  a  normal acce lera t ion .  c 
The magnitude o f ,  these s imu la ted  e f f e c t s  f o r  any p a r t i c u l a r  
.* 
v e h i c l e  c o n f i g u r a t i o n  o f  a  p a r t i c u l a r  f l i g h t  c o n d i t i o n  i s  dependent on t h e  
f o l l o w i n g  fac to rs .  . ~ 
1. Dynamic pressure. 
2. A i r f rame c o n f i g u r a t i o n .  
3. Hach number. t 
4. Normal acce lera t ion .  -. 
~ - 
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Ae roe las t i c  e f f e c t s  a r e  p r i m a r i l y  a f u n c t i o n  o f  dynamic pressure, 
q. By d e f i n i t i o n ,  q = .5pv2, where p i s  the d e n s i t y  o f  a i r  and V i s  t h e  
t r u e  forward v e l o c i t y .  Since p decreases as a l t i t u d e  increases i t  i s  
c l e a r  t h a t  q  increases as Mach No. increases and a l t i t u d e  decreases. I f  
i t  i s  assumed t h a t  a e r o e l a s t i c  e f f e c t s  increase w i t h  q, then i t  can be 
concluded t h a t  the  magnitude o f  a e r o e l a s t i c  e f f e c t s  are l a r g e s t  when the  
v e h i c l e  i s  a t  h igh  speed and low a l t i t u d e .  
The magnitude and more impor tan t ly ,  t h e  s i g n  o f  a e r o e l a s t i c  
c o r r e c t i o n s  t o  the r i g i d  body s t a b i l i t y  c o e f f i c i e n t d  depends t o  a  l a r g e  
e x t e n t  upon the  c o n f i g u r a t i o n  o f  the  veh ic le .  I n  t h e  case o f  s h u t t l e ,  t h e  
o v e r a l l  c o n f i g u r a t i o n  w i l l  change f rom launch t o  landing.  
I n  a d d i t i o n  t o  de termin ing  the  e f f e c t  o f  dynamic pressure, 
t h e  f l i g h t  Mach. No. i s  impor tan t  i n  determin ing co r rec t i ons  t o  t h e  
s t a b i l i t y  c o e f f i c i e n t s .  Since the  d i s t r i b u t i o n  o f  a i r  loads i s  a l t e r e d  
as the  Mach No. i s  changed, t h e  r e s u l t i n g  a e r o e l a s t i c  d e f l e c t i o n s  a r e  
a l s o  a f f e c t e d  and are  e s p e c i a l l y  c r i t i c a l  i n  the  t r a n s o n i c  region.  
Depending on the  p a r t i c u l a r  v e h i c l e  con f i gu ra t i on ,  a e r o e l a s t i c  
e f f e c t s  can be impor tan t  under f l i g h t  cond i t i ons  i n v o l v i n g  normal acce lera t ions  
o the r  than one "g". When the  v e h i c l e  i s  subjected t o  acce lera t ions  the  
dead we igh t  o f  t h e  body bo th  t o r s i d n a l  and bending d e f l e c t i o n s .  The 
c o r r e c t  method f o r  i n t r o d u c i n g  these e f f e c t s  i n t o  t h e  dynamics o f  t h e  body 
i s  t o  p rov ide  equat ions o f  mot ion t o  account f o r  t h e  e l a s t i c  degrees o f  
freedom. However, i f  the  n iot ion o f  t h e  a i r f rame a r e  assumed t o  be slow 
w i t h  respect  t o  the  e l a s t i c  frame, t h e  i n e r t i a l  e f f e c t s  o f  var ious  concentrated 
masses r e l a t i v e  t o  the  e n t i r e  mass can be neglected. I t  may be concluded t h a t  
-.. 
f o r  a  s t a b i l i z e d  normal a c c e l e r a t i o n  no a d d i t i o n a l  equat ions o f  motion a r e  
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requ i red  and ae roe las t i c  e f f e c t s  may be taken i n t o  account by add i t i ons  
and co r rec t i ons  t o  the  convent ional  equat ions of motion. 
The conceptual design f o r  a e r o e l a s t i c  s in lu la t i on  as i l l u s t r a t e d  
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i n  F igure  4.3.8.1.4-2 takes i n t o  account the  f o u r  f a c t o r s  descr ibed and 
* 
t r e a t s  them as separate program models. To accu ra te l y  s in iu la te  the  
2 
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e f f e c t s  due t o  dynamic pressure, a i r f rame con f i gu ra t i on ,  Mach No. and 
normal acce lera t ion ,  s h u t t l e  data on a e r o e l a s t i c  response must be a v a i l a b l e  
p r i o r  t o  inlplenientation. 
I n  a d d i t i o n  t o  t h e  f o u r  models con ta in ing  response data, a  
c o n t r o l  program i s  r e q u i r e d  t o  read the data, i n t e r p o l a t e ,  and output  
c o e f f i c i e n t  cor rec t ions  a t  a  colnpat ible s i m u l a t i o n  r a t e .  
C o e f f i c i e n t s  impor tan t  t o  v e h i c l e  s t a b i l i t y  and c o n t r o l  and most 
l i k e l y  t o  be a f f e c t e d  by a e r o e l a s t i c i t y  are: Cm,, C ~ L ,  Cmde, Cm CL, CLda3 q '  
CL , Cm6a, C l g ,  and Cmsr. 
P 
It i s  est imated t h a t  t h e  a d d i t i o n  o f  t h e  above descr ibed 
+ 
a e r o e l a s t i c  s i m u l a t i o n  w i l l  r e s u l t  i n  an increase o f  3,000 executable 
i n s t r u c t i o n s  i n  core, a  t i m i n g  increment o f  192,000 i n s t r u c t i o n s  per  
second, and a  data pool  increment o f  1,200 values. 0 
I n  a d d i t i o n  t o  t h e  a e r o e l a s t i c  s i m u l a t i o n  model, t h e  ' c h a r a c t e r i s t i c  
- 
p r o p e r t i e s  o f  f l u t t e r  may be requ i red .  F l u t t e r  i nvo l ves  aerodynamic fo rces ,  i n e r t i a  
forces and t h e  e l a s t i c  p rope r t i es  o f  a  sur face.  The d i s t r i b u t i o n  o f  mass and s t i f f -  
ness i n  a  s t r u c t u r e  determine c e r t a i n  n a t u r a l  f requencies and modes o f  v i b r a t i o n .  
I f  t h e  s t r u c t u r e  i s  sub jec t  t o  a  f o r c i n g  frequency near these n a t u r a l  f reauencies, 
a  resonant  c o n d i t i o n  can r e s u l t  w i t h  uns tab le  o s c i l l a t i o n s .  
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I The c h a r a c t e r i s t i c  e f f e c t s  o f  f l u t t e r  s h a l l  be s imulated i n  t h e  same 1 
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I manner as t h e  a e r o e l a s t i c  model, i .e., add i t i ons  and co r rec t i ons  t o  t h e  aero- I I dynamic equat ions o f  motion. These e f f e c t s  normal ly  occur above t h e  l i m i t  speed I I 
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( r e d - l i n e  speed) o f  t h e  veh ic le .  However, i f  excessive p l a y  and f l e x i b i l i t y  e x i s t ,  i 
1 
I f l u t t e r  can occur below the  l i m i t  a irspeed. I 
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I It i s  est imated t h a t  t h e  a d d i t i o n  o f  f l u t t e r  s imu la t i on  w i l l  r e s u l t  i n  1 I / an increase o f  1,000 executable i n s t r u c t i o n s  i n  core, a  t i m i n g  increment o f  48,000 
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4.3.8.2 Target Vehicles 
The ta rge t  vehicle equations of motion will  simulate t ransla t ional  
and rotational dynamics f o r  up t o  e ight  d i f f e r en t  t a rge t  vehicles. The satlle 
basic logic will be used f o r  each of the e ight  t a rge t  vehicles,  and i s  discussed 
below. The equations of motion will provide generalized simulations of ro ta t iona l /  
t ransla t ional  propulsion systems, which may optionally be used for  a given payload. 
Alternately,  the equations of motion will  be able t o  pick up rotat ional  moments, 
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t ransla t ional  forces,  and mass flow from specialized payload simulation programs. 
The generalized propulsion systems will be configured t o  accept inputs from 
simulated generalized ta rge t  vehicle guidance, o r  from e i the r  the inst ructor  
or  simulated shu t t l e  vehicle. Generalized propulsion and control simulations are  
used f o r  the  reasons stated in  the ra t iona le  to the Shut t le  Mission Simulator 
Requirements Report. To sununarize some of the reasons, some ta rge t  vehicle 
dynamics simulation will be required, especially during rendezvous and docking. 
Since the ta rge t  vehicle may be ac t ive  during par t  of rendezvous, and may control 
i t s  own a t t i t u d e  during station-keeping, some simulation of related on-board 
systems needs t o  be present in  these cases. To check out the i n i t i a l  simulator 
f u l l y ,  some such simulation should be present i n  the i n i t i a l  simulator. I t  should 
not require great ly  increased e f fo r t  t o  i n s e r t  the above generalized simulations 
ra ther  than a simulation of a par t icu la r  t a rge t  vehicle. I t  should fur ther  vast ly  
reduce the otherwise considerable e f f o r t  required to  update the  simulator t o  an 
a l t e rna t e  target  vehicle. Provision will  be made t o  j n i t i a l i z e  each individual 
t a rge t  vehicle simulation e i t he r  upon release from the shu t t l e  vehicle (or i t s  
payload manipulator), from shut t le  (or  manipulator) dynamics da ta ,  or  a t  a preset 
time w i t h  a preset translational and rotational s t a t e  vector. Provision will  be 
made t o  terminate each individual t a rge t  vehicle simulation as a function of 
I 
1 
I 
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distance from the shuttle vehicle, which distance may be different for each 
REV. 
individual target vehicle. Provision will be made to permit two different 
termination distances for the external tank, one for dynamic pressure at separation 
BINGHMCN.  NEW YMlK 
2 less than 2 lb/ft and the other for larger dynamic pressures. Termination 
REP. NO. 
distances and initialization option (and initial state and time for the preset 
initialization option) will be determined by reset terms. The conceptual design 
for target vehicle equations of motion has been subdivided into five subsystems, 
interrelated as shown below. For a given vehicle, either aeroflight aerodynamics 
or spaceflight aerodynamics will be executed, but not both. Aerof 1 ight 
aerodynamics will be executed for SRM1s and external tank, while spaceflight 
aerodynamics will be executed for all other target vehicles. 
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4.3.8.2.1 Translational EOM and Propulsion 
The simulated ta rqe t  vehicle t ransla t ional  equations of motion maintain 
ta rge t  vehicle o r  payload c. m. positions and veloci t ies  when not attached t o  the 
shu t t l e  vehicle or  manipulator. Inputs t o  the equations of motion are  thrust  force,  
aerodynamic forces,  docking mechanism forces,  and vehicle mass. Vehicle mass i s  
obtained from simulated ta rge t  vehicle mass properties,  and aerod~namic forces from 
simulated target  vehicle aerodynamics. Thrust force may be obtained e i t h e r  from a 
spec i f ic  t a rge t  vehicle oropulsi on system simulation oroqram o r  from a aeneralizcd 
approximate th rus t  simulation located within the t ransla t ional  EOM Dropram. Any 
spec i f i c  t a rge t  vehicle prooulsion system simulation nrogram. will  he added l a t e r  
by modification (exceptinq boost SRFl's and external tank) ,  and will  not form a nar t  
of the delivered simulator. The t ranslat ional  EOM nrogram wi l l ,  however, contain 
the necessary interface to  permit addition of such a spec i f i c  program v~ithout 
modification t o  translational EOM. The generalized thrus t  approximator will  form 
a pa r t  of the i n i t i a l  simulator. A r e se t  boolean wil l  be provided t o  bynass the 
routine ( i t  i s  bynassed i f  no t ranslat ional  propulsion system exis t s  on a ta rqe t  
vehicle, o r  i f  the propulsion system i s  simulated elsewhere i n  d e t a i l ) .  Thrust and 
associated mass flow ra te  will  be obtained by rese t  constants when the engine(s) 
f i r e ,  and will  be zero a t  other times. Enoine f i r i n g  times and durations will  be 
obtained from the simulated Gnera l ized  ta rge t  vehicle guidance, with ins t ruc tor  
override provided. Thrust force from the generalized engine wil l  always ac t  alonn 
the body longitudinal axis and d i rec t ly  throunh the vehicle mass center. Body 
forces wil l  be summed, transformed t o  the T system, and divided by mass t o  obtain 
accelerations.  Two intearat ion loops wil l  be provided which calculate  gravity and 
in tegra te  to ta l  acceleration t o  obtain velocity and posit ion.  The loon in use a t  
., 
a given time i s  determined on the basis of the current maanitude of body accelera- 
t ion.  P.hove the threshold acceleration rnaqnitude, t'le hiqh-speed loon i s  used, 
. . ~. 
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below it, the low-speed loop i s  used. The high-sneed loop w i l l  be e s s t a n t i a l l y  
the  same as the  non -o rb i t  loop i n  s h u t t l e  t r a n s l a t i o n a l  EOM and t h e  low-speed 
loop w i l l  be e s s e n t i a l l y  the  same as t h e  o r b i t  loop i n  s h u t t l e  t r a n s l a t i o n a l  EON. 
,~ 
The desc r ip t i ons  and explanat ions concerning these loops i n  s e c t i o n  4.3.8.1.1 
aoply here as w e l l .  A number o f  oarameters are then generated f o r  d i s o l a y  ournnses, 
i n c l u d i n g  
o r h i  t a l  elements 
s h u t t l e  - t a r a e t  v e h i c l e  range 
s h u t t l e  - t a r g e t  v e h i c l e  ranqe r a t e  
t a r g e t  v e h i c l e  azimuth and e l e v a t i o n  ( f rom s h u t t l e )  
For  atmospheric t a r g e t  veh ic les  (SRM's, e x t e r n a l  tank) ,  a  check w i l l  be made f o r  
recontac t .  For t h i s  purpose, the  s h u t t l e '  fuselaae w i l l  be approximated as a  
rec tanau lar  s o l i d ,  and wings and v e r t i c a l  s t a b i l i z e r  by i n f i n i t e l y  t h i n  p lana r  
surfaces. The t a r g e t  v e h i c l e  w i  11 be approximated. as a' c y l i n d r i c a l  s o l i d .  Target 
veh i c le  t r a n s l a t i o n a l  s t a t e  w i l l  be updated 10 t imes each second. Dur ing powered 
.- 
f l i g h t ,  t h i s  r a t e  should prov ide  adequate accuracy. Dur ing coas t ina  o r b i t a l  fl i q h t ,  
the  i t e r a t i o n  r a t e  o f  the e x t r a p o l a t i o n  p o r t i o n  o f  t h e  i n t e g r a t i o n  scheme has 
p r a c t i c a l l y  no i n f l u e n c e  on accuracy. Th i s  r a t e  should, however, be adequate t o  
prevent  n o t i c e a b l e  jumps i n  . r e l a t i v e  . s ta te .  Dur ing sten-ahead mode, t h e  approach 
: j
used f o r  s h u t t l e  s t a t e  advancement descr ibed i n  s e c t i o n  4.3.8.1.1 w i l l  a l s o  be 
used f o r  t a r a e t  veh i c le  s t a t e  advancement. The conceptual design f o r  t a r g e t  
veh i c le  t r a n s l a t i o n a l  EON i s  sketched i n  f i g u r e  4.3.8.2.1-1. 
t 
.: 
, . .  ~ 
L - 
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(11) Find update s ta te  
+ 
112) R e c t i f y  
conic  i f  
rtv 1 rtvu~d=>pd + f$(rtvret,agtvrka,agtvrkb,agtvrkc,"b) * necessary 
d d 3 v t v ~ v t v ~ ~ p d  = Vtvupdtf2(rtvref, g tvrka,  dtvrkb,  g t r r k c ,  ~ 'b )  
<rke=0 3 -f(# ) T/V s t a t e  kt, = ~,"+~>A,?n~,=Abb+ttb A t 
. . Figure 4.3.8.2.2-1 TARGET TRAElSLATIONAL EOM AND PROPULSION 
(3)  Transfonn t o  ( 4 )  Find body 
i n e r t i a l  coordinates + a c c $ l e r a t ~ o n  
t v +  Tftv= [y]tv$btv a b t v = F ~  tv fMtv  
(1) Engine t h r u s t  and mass 
flow est imat ion 
* 
- 
. 
----------. T/Y s t a t e  1 
(5 )  Find g r a v i t a t i o n a l  (61 In tegra te  f o r  Yeloc i ty ,  (13) F ind d i m l a y  paramters  
= f  6 t )  accelerat ion 
* Ytv 1 t v ,  ty  
(Z)+Sum+Body Forces* 
w 
a '.btPFthrust t v  ' Faem 
4 Fd,c +, 
a k v = f  lftvl 
no Shu t t le  s t a t e *  
(tr. EW) 
S h u t t l e  d i r e c t i o n  c o s l n ~ )  
( r o t a t i o n a l  Ebb) 
S h u t t l e  t o  T/Y d i r e c t i o n  cosinp 
(T/v r o t a t i o n a l  E0N) 
no 
T/Y engine f i r i n q  t imer 1 
W b 
~ r b . e l e n . = f d r ~ ~ ~ ~ ~ ,  .. ytv) ' 
'sftv . fZ (;ty,r) 
r r / t v  ' l' / t v  
fs/tv'f~S'tv.vSv,':v~ 
%tv ' f 5 @ t y + r . [ ~ l )  
Eltv=f6rrtv,r.[~1) d iso lav  param 
imntv=f7(Ptv *.[y],[vlb,;v - 
w 
A 
(8) Extrapolate 
g r a v i t y  effects m- (7) In tes ra te  body 
accelerat ion <tv=f(,etv,past values) - vtv'vtvupd * A v b t ~ t A v ~ t ~  * * * + * 9, 
*)t~' I:btVdt 1 avntv+ Bgtv'fdtstv + rJlv 'tv' rtvupdtArbtv +A:gtv d t t x ~  I b r b t ~ = f ( a b t v ,  " h v .  A r 6 t ~ )  I drntV=f(.dhv xvdv Arq tv )  
C 
A 
T / V  aero force ? - 
(TIV aero) 
T/V dockinq fo rce  
(T/V r o t a t i o n a l  ) -1 ma%q (T/V a s s  p roper t ies )  
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Symbol D i c t i o n a r y  f o r  F igu re  4.3.8.2.1-1 
+ + 
ab tv  t a r g e t  v e h i c l e  body a c c e l e r a t i o n  %ef Encke re ference 
p o s i t i o n  + 
a g t v  t a r g e t  v e h i c l e  g r a v i t a t i o n a l  
acce le ra t i on  
A 
t a r g e t  v e h i c l e  p o s i t i o r  
a t  l a s t  low speed loop 
update in te rmed ia te  g r a v i t a t i o n a l  
agtvrka acce le ra t i on  
+ 
ag tv rkb  in te rmed ia te  g r a v i t a t i o n a l  
acce le ra t i on  
t a r g e t  v e h i c l e  range 
r a t e  
s h u t t l e  v e l o c i t y  in te rmed ia te  g r a v i t a t i o n a l  
'gt acce le ra t i on  
t a r g e t  v e h i c l e  v e l o c i t y  
a t o l  low speed loop  a c c e l e r a t i o n  + 
t o 1  erance "tvu pd t a r g e t  v e h i c l e  v e l o c i t y  
a t  l a s t  low speed loop  
update 
*z t v  t a r g e t  v e h i c l e  azimuth w i t h  
respect  t o  s h u t t l e  body 
t a r g e t  v e h i c l e  f l i g h t  
path angle E l  t v  t a r g e t  v e h i c l e  e l e v a t i o n  ang le  Ytv w i t h  respect  t o  s h u t t l e  body 
s h u t t l e  a t t i t u d e  
d i r e c t i o n  cosines f aerodynamic f o r c e  on t a r g e t  aerot~ veh ic le  
-+ 
F  
" t v  t o t a l  body f o r c e  on t a r g e t  t v  v e h i c l e  (TV body coord ina te)  
-+ 
Fdocktv docking fo rce  on t a r g e t  v e h i c l e  c ~ $ v  
s h u t t l e  body t o  t a r g e t  
v e h i c l e  body d i r e c t i o n  
cosines 
t a r g e t  v e h i c l e  a t t i t u d e  
d i r e c t i o n  cosines . : 
. - 
. * 
t o t a l  body f o r c e  on t a r g e t  
+ 
Fthrusttv t h r u s t  force on t a r g e t  v e h i c l e  + 
..3 Arbt" 
d e l t a  p o s i t i o n  due t o  . 
body a c c e l e r a t i o n  s ince  
l a s t  update i f l a g  i n d i c a t i n g  t v  con tac t  w i t h  
s h u t t l e  v e h i c l e  t d e l t a  p o s i t i o n  due t o  - 
g r a v i t a t i o n a l  accelera-  
t i o n  s ince  l a s t  update i ~ K E  Runge-Kutta l o g i c  f l a g  
t o t a l  t a r g e t  v e h i c l e  mass d e l t a  v e l o c i t y  due t o  . 
body a c c e l e r a t i o n  s ince  
l a s t  update 
7 
r s h u t t l e  p o s i t i o n  
L 
% / t v  t a r g e t  v e h i c l e  range 
* 
d e l t a  v e l o c i t y  due t o  
" g r a v i t a t i o n a l  accel era- 
t i o n  s ince  l a s t  update r s / t v  vec tor  from s h u t t l e  t o  t a r g e t  
v e h i c l e  
t ime s ince  l a s t  low 
speed l o o p  update t a r g e t  v e h i c l e  p o s i t i o n  
4 . 3 . 8 . 2 . 2  Rotational EOM and Atti tude Control - 
The simulated ta rqe t  vehicle rota t ional  equations of motion maintain 
OATE 6/23/73 
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target  vehicle or  payload a t t i t udes  and a t t i t ude  ra tes  vrhen not attached t o  the 
shu t t l e  vehicle o r  manipulator. Inputs t o  the  equations of notion are a t t i t ude  
control moments, t h rus t  nonents, aerodynamic moments, moments exerted by the docking 
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1 dynamic momnts from simulated ta rqe t  vehicle aerodynainics. Attitude control 
moments may be obtained e i t h e r  from a s p e c i f i c  t a rge t  vehicle control system simu- 
la t ion  program, or  from a generalized approximate control logic  and th rus te r  
simulation located w i t h i n  the  rota t ional  EON program. Any spec i f ic  t a rqe t  vehicle 
control system simulation wil l  be added l a t e r  by modification, and will  not form a 
oa r t  of the i n i t i a l  simulator. Target vehicle rota t ional  EOFt wi 1 7 ,  however, contain 
the necessary interface provisions t o  permit addition of such a spec i f ic  nroorarn 
without modification t o  rota t ional  EOM. The oenerali zed aoproximate control loflic 
and th rus te r  simulation will  form a par t  of the i n i t i a l  simulator. A rese t  boolean 
will be provided t o  bypass t h i s  routine ( i t  i s  bypassed i f  no a t t i t ude  control 
systen ex i s t s  on the vehicle o r  the  a t t i t ude  control system i s  simulated elsewhere 
i n  d e t a i l ) .  Attitude commands will  be obtained from simulated t a rqe t  vehicle 
guidance, the  shu t t l e  vehicle, o r  the  ins t ruc tor .  Reset terms will  be used t o  
' approximate the control ohase plane logic'. The phase' plane will  be assurrcd t o  be 
synmetric w i t h  respect t o  posi t ive  o r  negative r a t e s ,  and ident ical  f o r  a l l  three 
body axes. Up t o  f i v e  segments ( l i n e a r  o r  quadratic)  may he used t o  define the  
upper deadband l imi t s ,  and un t o  four  may be used f o r  the lower deadhand l imit .  
Up t o  f i v e  r a t e  command regions may be defined i n  the  unper reqion outside the 
deadband; UP  t o  two regions in the lower. Linear o r  quadrat ic  seaments may be 
used t o  separate these regions. The ra te  concnand in  each region may be expresse6 as 
DATE 6/23/73 
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a f i r s t -order  function of r a t e  and posit ion e r ror .  Only as  many segments and 
regions as needed must be used. Segnents bounding reaion and the deadband, as 
well as formulae fo r  commanded ra te  change i n  each reqion will  be defined hy 
reset  constants. Total reaction control, moment about each axis will  a l so  be 
defined by reset  constants. The above generalized phase plane loa ic  will  be 
capahle of simulating the' nominal shu t t l e  o rb i t e r  phase plane; the only approx- 
imations required being of the formulae f o r  the commanded ra te  chanaes in  two of 
the seven f i r i n g  regions. Target vehicles controlled by CMG's charac te r i s t ica l ly  
possess very sloiv a t t i tude  response. I t  i s  expected t h a t  any CF!G controlled 
payloads w i  11 not exhib i t  substantial  a t t i t ude  chanoe during the orobahly brief 
period in which they are in  close visual contact with the shut t le .  Their  a t t i tudes  
should remain i n e r t i a l l y  fixed. Thus, provision i s  made t o  bypass rotat ional  EOFl 
en t i re ly  f o r  such payloads, providino an i n e r t i a l l y  fixed a t t i tude .  In a case in 
which be t te r  simulation i s  required, a modification can, of course, be readily 
added. Reaction control moments wil l  be added t o  aerodynamic moments and thrus t  
moments (from any special simulation - the aeneralized engine i n  t rans la t iona l  
EOM generates no torque). Gravity gradient moments will  be calculated and included. 
Eulcr's equations wil l  be solved t o  obtain a n ~ u l a r  accelerat ions ,  which wi 11 he 
D * 
integrated t o  obtain annular ra tes .  Rates wi 11, be integrated t o  obtain direct ion 
.~ ., 
cosines in a fashion s imi la r  t o  t ha t  described f o r  shut t le  vehicle rota t ional  EOM 
i n  section 4.3.8.1.2. The direction cosine matrix will  transform from the B 
coordinate system t o  the T coordinate system. Tarset  vehicle rotational EON wi l l  
be undated 10 times each second. This should be adequate for  purposes of crew 
perception, and i s  su f f i c i en t  for  in te r face  with t ransla t ional  EOV. The conceptual 
i 
design for  t a rve t  vehicle rotational EON i s  sketched i n  f igure  4.3.8.2.2.-1.. 
b 
. . .~ . . ~ . .. . . .  
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PERFORM FOR EACH AXIS
I- ,------- 
--------- --- ~
ENTER (1) CALCULATE (2) FIND PHASE (3) FIND DESIRED (4) FIND RESULTING
10 PER ROT. RCS E PHASE PLANE DEAD N PLANE JET RATE CHANGE RCS MOMENTSECOND SIMUL? SIMULDEAD BAND BAND? FIRING REGION LRCSTV* JCS, I
CT YES
EXIT I ATTITUDE COMMAND
(5) ZERO RCS
MOMENT
SLRCS 0 I
LMRC S = 0I I
L .. - --- --
(6) CALCULATE GRAVITY GRADIENT (7) SUM TOTAL 6 BODY IOMENTS
TORQUE
A grav iTV 'y]TV' ITV)  =  RCSTV +gravTV aerTV thrustTV+ doV
TARGET VEHICLE POSITION AER0 MOMENT
(T/V TRANSLATIONAL EOM) (T/V AERO) THRUST MOMENT
DOCKING MOMENT
(8) FIND ANGULAR (9) FIND ANGULAR (10) CALCULATE DIRECTION COSINE (11) CALCULATE SHUTTLE TOACCELERATION VELOCITY MATRIX TARGET VEHICLE
... 
-0 
-1 TRANSFORMATION EXIT
-yV f (L TV' WTV f TVdt TV [Y]TV =' f(TV TVYITV) OB/TV =E
YE]/TV -r f(E'v3TV)
target vehicle TARGET VEHICLE , TARGET VEHICLE SHUTTLE TO T/V
inertia tensor ANGULAR VELOCITY DIRECTION COSINES DIRECTION COSINES
(t/v mass properties)
FIGURE4,3.8.2.2 TARGET ROTATIONAL EOM AND ATTITUDE CONTROI.
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Symbol Dic t ionary f o r  Figure 4.3.8.2.2-1 
+ 
Laerotv t a rge t  vehic le aero moment 
+ 
Ldocktv t a rge t  vehic le docking moment 
+ 
L  target  vehic le g rav i t y  gradient 
gravtv 
+ 
L ~ ~ ~ t v  ta rge t  vehic le RCS moment 
+ 
Lthrusttv ta rge t  vehic le th rus t  moment 
+ 
L tv  ta rge t  vehic le t o t a l  moment 
+ 
'tv ta rge t  vehic le i n e r t i a l  pos i t ion  
[Y] d i rec t i on  cosines, shu t t l e  t o  i n e r t i a l  
[Y1g/tv d i rec t i on  cosines, shu t t l e  t o  t a rge t  
Y 
[y'tv d i rec t i on  cosines, ta rge t  t o  i n e r t i a l  
4. 
Wtv ta rge t  vehic le angular ve loc i t y  I 
. 
+ 
wtv target  vehic le angular accelerat ion 
 AM^^^ mass loss due to  RCS th rus t ing  
desired target  vehic le  r a t e  change 
~- 
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4.3.8.2.3 Mass Properties . , , . 
tlany t a r g e t  vehicles wil l  not require a dynamic real-time mass properties 
simulation. Over the interval of i n t e r e s t ,  chanrles in mass properties wil l  be 
negliflible. Other t a r ae t  vehicles, e . g ,  those w i t h  pronulsive s tages ,  w i  11 demon- 
s t r a t e  s ign i f ican t  chanoes i n  mass oronerties.  Thus, r e se t  booleans wil l  be nrovided 
which will allow dynamic mass nrnoerty simulation t o  he bypassed f o r  cer ta in  t a r ae t  
vehicles. Certain other ta rqe t  vehicles (e .g . ,  SRM's external tank) wil l  have 
the i r  mass properties calculated elsewhere ( i n  the cases of.SRM1s o r  external tank, 
i n  the appropriate on-board system simulation proorams). . Thus, i n  those cases a lso,  
the target  vehicle mass properties simulation i s  bypassed. In those cases in which 
the simulation i s  not bypassed, inputs t o  the simulation are engine mass flow and 
reaction control system mass flow. Total-mass i s  decremented accordingly. Provision 
will  be made to  permit interpolation on mass to  obtain t a rge t  vehicle center of mass 
and tensor of i ne r t i a .  Obtaininq mass center and i n e r t i a  tensor as  functions of 
mass has been used previously on the C!,lS booster simulation, and has provided 
acceotable accuracy. Similar accuracy standards';hould be accentable f o r  almost 
a l l  t a rge t  vehicle simulation. An interpolat ion approach wil l  a lso be re la t ive ly  
easy t o  undate t o  a d i f fe ren t  target  vehicle. An i t e r a t i on  ra te  of twice ner .+ 
second i s  estimated, under f a i r l y  conservative rocket assum~tions,  t o  reouire a 1/2 
$~,. 
second overburn t o  erase  res;l t i n g  e r ro r  on a 7000 f t  AV b u r n ,  which should be 
quite acceptable i n  terns  of a b i l i t y  of the crew o r  oround t o  notice. Mass d i s t r i -  
bution parameters could probably be i t e r a t ed  even more slowly, i f  time i s  c r i t i c a l .  
The  conceptual desiqn i s  sketched i n  f igure  4.3.8.2.3-1.:. 
d 
. 
. ~ . . ~ . 
+ 
THE S I N G E R  COMPANY 
S I M U L A T I O N  PRODUCTS D I V I S I O N  
G + 
BINWAMTCN. NEW YWIK f .* 
ENTER 
SECOND 
e 
, 
* FIGURE ' 4.3.8.2.3.-1- MASS ~ h p ~ ~ ~ ~ ~ ~  
~, 
' (2) ESTIMATE M S S  
DISTRIBUTION 
.+ 
r = f, (MtV) 
'"TV - 
[I],, . f2(M+Y) 
, (1) CALCULATE CURRENT VEHICLE MASS 
?V ' f ( ? ~ ' m t h r u r t ' m ~ ~ ~ )  
YES 
* 
- 
A- 
T f v  INFRTIQTEMS~R b 
T I V  MASS 
J! THRUSTING MASS LOSS 
I 
-l- 
b . T I V  CENTER OF MASS 
b 
A 
RCS MASS LOSS 
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Symbol D i c t i o n a r y  f o r  F igu re  4.3.8.2.3-1 
C I l t ,  t a r g e t  v e h i c l e  
i n e r t i a  tensor  
M t v  t a r g e t  v e h i c l e  
t o t a l  mass 
mass l o s s  due t o  t a r g e t  
v e h i c l e  RCS t h r u s t i n g  
mass l oss  due t o  t a r g e t  
Wthrust v e h i c l e  engine f i r i n g  
-+ 
rcrn t a r g e t  v e h i c l e  mass 
c e n t e r  l o c a t i o n  (T/V 
body axes) 
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4.3.8.2.4 AeroflightAerodynamics 
The simulated t a rge t  vehicle aerof l igh t  aerodynamics calculates  
aerodynamic forces and moments on detached ta rge t  vehicles operating w i t h i n  the  
atmosphere. (namely boost SRM1s and external tahk) and proximity atmospheric 
e f f ec t s  upon both shu t t l e  vehicle and ta rge t  vehicle. Inputs'to simulated aero- 
f l i g h t  aerodynamics include ta rge t  vehicle posit ion,  velocity,  and a t t i t u d e  
( t a rge t  vehicle t ransla t ion EBM), t a r g e t  vehicle a t t i t u d e  direct ion cosines ( t a rge t  
vehicle rotational EDM), t a rge t  vehicle center of mass ( t a rge t  vehicle mass 
proper t ies)  wind and rough a i r  e f f ec t s  ( shu t t l e  aerodynamics), shu t t l e  posit ion 
( shut t le  t ransla t ional  EBM),  and shu t t l e  a t t i t u d e  direct ion cosines ( shut t le  
rota t ional  EPM). Velocity of the  t a rge t  vehicle with respect t o  the moving 
atmosphere is calculated i n  the  ta rge t  vehicle body-fixed coordinate system using 
the same wind and rough a i r  e f f ec t s  which a re  included i n  shu t t l e  aerodynamics. 
Speed of sound and atmospheric density a r e  obtained from the same median prof i les  
used by shu t t l e  aerodynamics as  functions of a l t i t u d e  only. Proximity e f f ec t s  
will  be calculated a s  functions of mach number and ta rge t  vehicle displacenient 
f o r  both vehicles. Aerodynamic forces and moments a r e  computed in  t he  t a rge t  
vehicle body fixed coordinate system. Proximity e f f ec t s  wi l l  be included w i t h  
i sola ted body cha rac t e r i s t i c s  by mul t ip l i ca t i r e  and addi t ive  fac tors  t o  obtain 
t o t a l  forces and moments. Definltion of parameters upon which aerodynamic co- 
e f f i c i en t s  will depend and the mode of calculat ion of moments was generally ob- 
tained from existing incomplete data. As additional data appears, parameter 
dependencies below should be reviewed and revised accordingly. An i t e r a t i on  r a t e  
of 10 per second should prove adequate f o r  simulation of proximity e f f ec t s ,  and 
other accuracy requirements a r e  much lower. The conceptual design is sketched i n  
f i gu re  4.3.8.2.4-1. 
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Symbol D i c t i o n a r y  f o r  F igu re  4.3.8.2.4-1 
C ~ t v  t a r g e t  v e h i c l e  a x i a l  f o r c e  c o e f f i c i e n t  
C ~ t v  t a r g e t  v e h i c l e  normal f o r c e  c o e f f i c i e n t  
C ~ t v  t a r g e t  v e h i c l e  s i d e  f o r c e  c o e f f i c i e n t  
-+ 
t 
t a r g e t  v e h i c l e  v e l o c i t y  
'"v w i t h  respec t  t o  moving 
atmosphere 
Vs tv  t a r g e t  v e h i c l e  speed o f  sound 
+ 
V t v  t a r g e t  v e h i c l e  v e l o c i t y  
F aerotv t a r g e t  v e h i c l e  
aerodynamic f o r c e  a 
t v  t a r g e t  veh i c le  angle o f  a t t a c k  
" t v  t a r g e t  v e h i c l e  a l t i t u d e  
-+ 
t a r g e t  v e h i c l e  
LaerOtv aerodynamic moment 
Mntv t a r g e t  v e h i c l e  mach number 
t a r g e t  v e h i c l e  
dynamic pressure 
s h u t t l e  p o s i t i o n  
t a r g e t  v e h i c l e  c.m. 
l o c a t i o n  
t a r g e t  v e h i c l e  center  
o f  pressure p o s i t i o n  
t a r g e t  v e h i c l e  p o s i t i o n  
fi 
t a r g e t  v e h i c l e  s i d e s l i p  angle 
s h u t t l e  v e h i c l e  
d i r e c t i o n  cosines 
t a r g e t  v e h i c l e  
d i r e c t i o n  cosines 
t a r g e t  v e h i c l e  
atmospheric d e n s i t y  
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4.3.8.2.5 Space f l i gh t  Aerodynamics 
The s imu la ted  t a r g e t  v e h i c l e  s p a c e f l i g h t  aerodynamics c a l c u l a t e s  
aerodynamic fo rces  and moments on detached s p a c e f l i g h t  t a r g e t  veh ic les  ( a l l  
t a r g e t  veh i c les  except boost SRMts and ex te rna l  tank) .  Inputs  t o  s imulated 
s p a c e f l i g h t  aerodynamics i n c l u d e  t a r g e t  v e h i c l e  pos i t i on ,  v e l o c i t y ,  and a l t i t u d e  
( t a r g e t  v e h i c l e  t r a n s l a t i o n a l  EbM)., and t a r g e t  v e h i c l e  a t t i t u d e  d i r e c t i o n  cosines 
( t a r g e t  v e h i c l e  r o t a t i o n a l  EPM). V e l o c i t y  o f  t h e  t a r g e t  v e h i c l e  w i t h  respec t  t o  
t h e  atmosphere i s  c a l c u l a t e d  i n  t h e  t a r g e t  v e h i c l e  body- f ixed coord ina te  system, 
assuming an atmosphere r o t a t i n g  u n i f o r m l y  w i t h  t h e  ear th.  Atmospheric d e n s i t y  i s  
ob ta ined from t h e  same median p r o f i l e  used by  s h u t t l e  aerodynamics as a  f u n c t i o n  
o f  a l t i t u d e  alone. D e f i n i t i o n  o f  parameters upon which aerodynamic c o o e f f i c i e n t s  
w i l l  depend was g e n e r a l l y  obta ined from e x i s t i n g  incomplete data. As a d d i t i o n a l  
da ta  appears, parameter dependencies below should be reviewed and r e v i s e d  accord- 
i n g l y .  An i t e r a t i o n  r a t e  o f  t w i c e  per  second i s  chosen t o  match t h a t  o f  o r b i t a l  
s h u t t l e  aero. It can be j u s t i f i e d  f o r  t h e  reasons g i v e n  i n  s e c t i o n  4.3.8.1.4. 
The conceptual design i s  sketched i n  f i g u r e  4.3.8.2.5.-1. 
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Symbol Dictionary f o r  Figure 4.3.8.2.5.-1 
C t a rge t  vehicle axial  + 
A t v  force coef f ic ien t  rtv ta rge t  vehicle position 
+ 
t a r g e t  vehicle ro l l ing  v C ~ t v  t a r g e t  vehicle velocity moment coef f ic ien t  rtv with respect t o  moving 
atmosphere 
C t a rge t  vehicle pitching -+ 
m t ~  moment coeff ic ient  "tv t a rge t  vehicle velocity 
Cntv t a r g e t  vehicle yawing 
moment coef f ic ien t  atv t a r g e t  vehicle angle 
of a t tack 
Cfitv t a rge t  vehicle normal force coef f ic ien t  Btv t a rge t  vehicle s i d e s l i p  angle 
C ~ * v  t a rge t  vehicle s ide  [yltV t a rge t  vehicle direct ion force coef f ic ien t  cosines 
+ 
Fa,,,tV t a r g e t  vehicle aerodynamic t a r g e t  vehicle atmospheric force Ptv density 
h t v  t a rge t  vehicle a l t i t u d e  
t a rge t  vehicle aerodynamic - 
momen t 
C 
q t v  ta rge t  vehicle dynamic pressure 
a' 
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4.3.8.3 Qhemeris 
The rea l - t ime  ephemeris program must perform two func t i ons :  
determine ea r th  o r i e n t a t i o n  
determine d i r e c t i o n s  o f  c e l e s t i a l  bodies 
a t  any p o i n t  i n  t ime dur ing  t h e  mission. Accord in ly ,  t h e  r e a l - t i m e  ephemeris 
program may be f u n c t i o n a l l y  conceived as fo l l ows :  
... 
EPHEMERlS 
I-- ---- ------- 1 
I 
CURRENT 1, EARTH -. i 
TIME ORIENTATION I 
GREENWICH 
HOUR ANGLE -@ 
I .  I I 
1- 
I CELESTIAL 
E BODIES 
I 
I CELESTIAL BOD 
I STATE t, 
. . 
L, ,------- I 
. .  .. . . 
4.3.8.3.1 Ea r th  O r i e n t a t i o n  
The pre,cession and n u t a t i o n  o f  the  e a r t h ' s  equator and the  r o t a t i o n  
o f  the  e a r t h  about i t s  p o l a r  a x i s  determine t h e  o r i e n t a t i o n  o f  t h e  e a r t h  i n  
i n e r t i a l  space. Over a pe r iod  o f  seven days, r e o r i e n t a t i o n  of t h e  equator due 
t o  precession and n u t a t i o n  are  n o t  s i g n i f i c a n t  ( l e s s  than two arc-seconds i n  
any ax i s ) .  Thus, i t  w i l l  be assunled t h a t  t h e  equinox and s p i n  a x i s  remain 
i n e r t i a l l y  f i x e d  over t h a t  per iod.  The e a r t h ' s  s p i n  may be descr ibed by t h e  
True Greenwich Hour Angle, which i s  t h e  angle from t h e  t r u e  verna l  equinox t o  
t h e  i n t e r s e c t i o n  o f  t h e  Greenwich Mer id ian  and t h e  Equator. To achieve t h e  
. . 
requ i red  accuracy o f  - + 2 arc-seconds, w i t h o u t  pe rcep t i b le  j i t t e r ,  t h e  Hour 
Angle w i l l  be updated ten  t imes per  second. The E a r t h ' s  a x i a l  r o t a t i o n - r a t e ,  
. . 
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i s  about 15 . arc-sec Thus, a t  t h i s  i t e r a t i o n  ra te ,  t h e  Hour Angle i s  always 
mainta ined w i t h i n  - + 1.5 arc-sec., which i s  equ iva len t  t o  about 150 f e e t  
(ground-track) a t  t h e  equator. No formal c a l c u l a t i o n  o f  an e a r t h - f i x e d  t o  
i n e r t i a l  coord ina te  t ransformat ion m a t r i x  w i l l  be performed. As t h e  T 
coord ina te  system i s  used f o r  t h e  i n e r t i a l  system and the  E coord ina te  system 
i s  used f o r  t h e  e a r t h - f i x e d  system, t h i s  t ransformat ion cons i s t s  s o l e l y  o f  a 
r o t a t i o n  through t h e  Hour Angle. Th i s  can be most e f f i c i e n t l y  accomplished 
by an angle r o t a t i o n  r a t h e r  than a m a t r i x  n ~ u l t i p l i c a t i o n .  Hence, t h e  s i n e  and 
cos ine  o f  t h e  Hour Angle are  mainta ined r a t h e r  than a t rans format ion  m a t r i x .  
The conceptual design i s  presen'ted i n  f i g u r e  4.3.8.3-1.. 
. .. . . ~ . ~. . 
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(1)  FIND GREENWICH 
HOUR ANGLE + '(2) FIND TRIG FUNCTIONS OF QGHA EXIT 
-. QGHA = Q G ~ ,  + WE t 
CGHA = COS (QGHA) 
. . - 
t- b 
Figure  4.3.8.3-1 EARTH ORIENTATION + * 
Symbol D i c t i o n a r y  f o r  F igu re  4.3.8.3-1 
CGHA cosine o f  @GHA @ G ~ ~  True Greenwich Hour Angle 
SGHA s ine  o f  OGHA ~ G H A ~  True Greenwich . . Hour Angle a t  
. . 
. . 1  i f t o f f  ( r e s e t  cons tant )  
t elapsed t ime s ince  l i f t o f f  WE , Hour Angle r a t e  ( r e s e t  constant)  
. . . 
~. . . 
. 
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I f  i t  i s  d e s i r a b l e  t o  save t ime a t  t h e  expense o f  core, numerous 
time-consuming c a l c u l a t i o n s  o f  t h e  exact t r i g  f u n c t i o n s  o f  OGHA can be avoided. 
The exact  t r i g  f u n c t i o n s  can be ca l cu la ted  o n l y  once every f i v e  seconds, 
w h i l e  CGHA and SGHA a r e  updated i n  the  i n t e r i m  us ing  t h e  f o l l o w i n g  approx i -  
mations: 
S I N  ( o  +A@) - S I N  e  t (A@) COSo 
COS ( 0  +AO) = COS o  - (be) SIN0 
T h i s  procedure w i l l  no t  c r e a t e  e r r o r s  exceeding ~ X I O - ~  i n  t h e  t r i g  f unc t i ons ,  
which i s  q u i t e  acceptable. 
4.3.8.3.2 C e l e s t i a l  Bodies 
The i n e r t i a l  d i r e c t i o n s  ( f rom t h e  v e h i c l e )  o f  t h e  f o l l o w i n g  
c e l e s t i a l  bodies w i l l  be maintained: 
Sun ( a l s o  s o l a r  occ lus ion  w i l l  be ca l cu la ted )  
Moon 
Planets (Mercury, Venus, Mars, J u p i t e r ,  sa turn)  
S ta rs  (de tec tab le  by  s t a r  t r a c k e r )  
Planetary,  l u n a r  and s o l a r  d i r e c t i o n s  w i l l  take i n t o  account 
bo th  t h e  changing t r u e  d i r e c t i o n s  o f  t h e  o the r  c e l e s t i a l  bodies w i t h  respec t  
t o  t h e  earth, and t h e  p o s i t i o n  o f  t h e  v e h i c l e  w i t h  respect  t o  ' the ear th.  
R e l a t i v e  mot ion o f  sun, s ta rs ,  e c l i p t i c  plane and equa to r i a l  plane are  
n e g l i g i b l e  over t h e  d u r a t i o n  o f  a  mission, compared t o  t h e  to lerances s p e c i f i e d  
i n  t h e  requirements. They w i l l  be ignored. S t e l l a r  p a r r a l l a x  i s  n e g l i g i b l e  
( l e s s  than - t 1  arc-second). Thus, t r u e  d i r e c t i o n s  o f  t h e  s t a r s  w i l l  be 
prov ided i n  a  t a b l e  o f  r e s e t  constants. ~ b e r r a t i o n  e f f e c t s  can reach 
25 arc-seconds f o r  so la r ,  p lanetary ,  and s t e l l a r  observat ions, so they must 
be included. Lunar a b e r r a t i o n  i s  much l e s s  (about 5  arc-sec maximum) and can 
be ignored. The program w i l l  c a l c u l a t e  t h e  apparent p o s i t i o n s  of sun and 
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p lanets  only .  Since apparent p o s i t i o n  o f  o n l y  a  few p a r t i c u l a r  s t a r s  must be 
known a t  any g i ven  time, i t  i s  more e f f i c i e n t  t o  perform abber ra t i on  co r rec t i ons  
i n  t h e  us ing  programs (e.g., s t a r  t r a c k e r )  f o r  j u s t  those s t a r s  requ i red .  The 
ephmeris w i l l ,  however, p rov ide  c e r t a i n  genera l i zed terms used i n  t h e  ca lcu-  
l a t i o n  o f  s t e l l a r  aber ra t ion .  True earth-referenced posit ion; and v e l o c i t i e s  
( v e l o c i t i e s  a r e  requ i red  f o r  a b e r r a t i o n  c o r r e c t i o n )  o f  sun, moon, and p lane ts  
w i l l  be obta ined i n  r e a l - t i m e  by i n t e r p o l a t i o n  on pre-stored tab les .  J e t  
Propu ls ion  Laboratory (JPL) Ephemeris tapes w i l l  serve as t h e  source f o r  t h e  
pre-s tored tables.  JPL tapes con ta in  da ta  up t o  the  year  2000. The r e s e t  
generator  program w i l l  scan t h e  JPL tape, and s t r i p  and c o n d i t i o n  app rop r ia te  
b locks o f  data f o r  use by the  r e a l - t i m e  program. Time tags w i l l  be changed t o  
r e f l e c t  miss ion  elapsed time. I n t e r p o l a t i o n  w i l l  be done us ing an E v e r e t t ' s  
i n t e r p o l a t i o n  schenie. A l l  d i r e c t i o n s  w i l l  be ou tpu t  i n  t h e  appropr ia te  T  
coord ina te  system. Since JPL data (and probably s t a r  data)  w i l l  be i n  t h e  S 
coord ina te  system, t h e  r e s e t  generator  w i l l  reform t h e  necessary t rans format ion  
t o  p lace  i t  i n  t h e  T coord ina te  system. To remain s a f e l y  w i t h i n  to le rances 
s p e c i f i e d  i n  t h e  requirements, t h e  f o l l o w i n g  minimum i t e r a t i o n  r a t e s  a r e  
des i rab le :  
Moon once per  5 seconds 
-2 
Mercury once per  45 seconds 
Venus once per  75 seconds 
I la rs  once per  1-314 minutes 
J u p i t e r  once per  3-112 minutes 
Sun once per  5 minutes 
I 
Saturn once per  7 minutes 
w 
Stars  once per  15 minutes 
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Whi le a slower i t e r a t i o n  r a t e  than once per  f i v e  seconds i s  f e a s i b l e  f o r  a l l  
bodies except the  moon, i t  i s  quest ionable whether t h e  amount o f  t ime saved 
would j u s t i f y  the  ensuing conceptual comp l i ca t i on  ( o r  smal l  a d d i t i o n a l  core 
requirement).  Since o r b i t a l  sun r i se  requ i res  about e i g h t  seconds, such an 
update r a t e  f o r  s o l a r  occ lus ion  should be acceptable. The r e s u l t i n g  conceptual 
' 
des ign i s  sketched i n  f i g u r e  4.3.8.3-2. 
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Symbol Dictionary for  Figure 4.3.8.3-2 
C speed of 1 ight  (constant)  "s u n i t  vector in 
Nso boolean indicating so la r  apparent direct ion 
occultation vehicle position of sun 
( T  s y s t a ~ )  Us t r u e  position of sun 
t elapsed time s ince l i f t o f f  V vehicle i ne r t i a l  
u n i t  vector i n  d i rect ion of moon Urn velocity ( T  system) 
u n i t  vector in apparent 1 
'~1,2 ,3 ,4 ,5  "ces -; ("es) 
direct ion of planet "es veloci ty  of earth 
,2,3,4,5 t rue  position of planet about sun 
"PI ,2,3,4,5 velocity of planet 
* 
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4.3.9 Thermal Svstem 
I 
The Thermal System i s  d i v i d e d  i n t o  t h r e e  major  subsystems: Thermal 
P r o t e c t i o n  (TPS), Thermal Contro l  (TCS) and Environmental and L i f e  
Support (ECLSS). O 
Throughout the  Thermal System Simulat ion,  t h e  laws o f  conservat ion o f  
mass and energy w i l l  be appl ied.  For  example, heat exchangers and 
< co ldp l  ates w i l l  t r a n s f e r  heat t o  t h e  cool an t  medium (water, f reon,  
e tc . )  accord ing t o :  
. 
&Tl = 4 N 
4 c P I  
where: = o u t l e t  temperature minus i n l e t  temperature 
Qin= heat t r a n s f e r  r a t e  i n t o  coo lan t  
ill = f l o w  r a t e  o f  the  coo lan t  
Cpl = s p e c i f i c  heat  o f  the  coo lan t  
C 
Then the  temperature change across heat  generat ing (absorbing) components 
can be g iven as: 
Tout = Tin + (bT1)(K) c c 
where: Toui= cob1 a n t  o u t l e t  temperature 
Tin = coo lan t  i n l e t  temperature 
K = i t e r a t i o n  r a t e  (execu t i ons /un i t  t ime) 
The c a l c u l a t i o n s  f o r  t h e  heat t r a n s f e r  r a t e ,  Q in ,  w i l l  account f o r  
coo lan t  p roper t ies ,  phys i ca l  dimensions and f l o w  c h a r a c t e r i s t i c s :  
k 
Q i n E f ( D  W C K AT AX K A )  1 1 , P l l  2, 1 , 2 , 1  
* 
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i 
where: Dl,= e f f e c t i v e  diameter o f  coo lan t  passage . ~ 
K1 = thermal c o n d u c t i v i t y  o f  coo lan t  
AT? = temperature d i f f e r e n c e ,  coo lan t  t o  component. 
AX 1  = e f fec t i ve  conduct ion th ickness 
K = thermal c o n d u c t i v i t y  o f  component ma te r i a l  2  
A1 = area o f  heat  f l u x  
Rad ia t ion  heat  t r a n s f e r  c a l c u l a t i o n s  w i l l  be de r i ved  from the  
general equat ion:  
4 , , . Qem = f(a,o, T, 1 ~ ~ 
where Qem = heat t r a n s f e r  r a t e  due t o  r a d i a t i o n  
E = e m i s s i v i t y  o f  the  r a d i a t i v e  sur face 
Y = Stefan-Boltzmann constant  
T1 = sur face temperature 
Th is  bas i c  equat ion w i l l  be mod i f i ed  f o r  s p e c i f i c  a p p l i c a t i o n s  t o  
cons ider  sur face areas and geometr ic con f i gu ra t i on .  For  e x t e r i o r  
v e h i c l e  ca l cu la t i ons ,  s o l a r  r a d i a t i o n  and r a d i a t i o n  emi t ted  and r e -  
f l e c t e d  from the  e a r t h  w i l l  be i nc luded  as w e l l  as shadowing e f f e c t s  
where they apply. ~. 
The n e t  r e s u l t  o f  heat  f l uxes  i n t o  and o u t  o f  a  g iven volume o f  any 
m a t e r i a l ,  s o l i d ,  l i q u i d  o r  gas w i l l  be c a l c u l a t e d  by t h e  equat ion:  
Q = fCz(QRAD ' QCOND 
'?,&NV)l 
where: 6 = n e t  heat  t r a n s f e r  r a t e  . 
4 A D  = heat  t r a n s f e r  due t o  r a d i a t i o n  
QCOND = heat  t r a n s f e r  r a t e  due t o  conduct ion 
QCONV = heat  t r a n s f e r  r a t e  due t o  convect ion 
The n e t  heat t r a n s f e r  r a t e  i s  then i n t e g r a t e d  aga ins t  t h e  t o t a l  
. . ~. 
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heat  content :  
~ ~ 
Q = Qn-] + ( i ) ( ~ )  
where: Q = t o t a l  heat content  
Qn-1 = i n i t i a l  t o t a l  heat content  
And then a new temperature i s  computed from: 
T2 = A?.- MI CP2 
where: T2 = b u l k  temperature o f  ma te r i a l  
> ,  M1 = mass o f  the  ma te r ia l  
C ~ 2  = s p e c i f i c  heat o f  the  m a t e r i a l  
Flow r a t e s  o f  compressible f l u i d s  w i l l  be computed based on d i f f e r e n t i a l  
pressure re la t i onsh ips .  In general ,  the  form i s :  
W2 = f (AP D ) 1, 2 
where: W2 = the c a l c u l a t e d  mass f l o w  r a t e  
A P ~  = the pressure d i f f e r e n t i a l  e x i s t i n g  across opening o r  o r i f i c e .  q 
D2 = e f f e c t i v e  diameter o f  the  opening o r  o r i f i c e .  
. . 
I n  each case, conservat ion o f  mass w i l l  app ly  t o  account f o r  the  
, 
(i 
f l o w  ra te .  For example, t h e  volume which receives f l o w  r a t e  W2 w i l l  
have i t s  mass increased by: 
+ (W2)(K) 'I = M2 n-1 
where: M2 = mass o f  gas w i t h i n  t h e  volume 
. . 
M2 = i n i t i a l  mass o f  gas : 
n-1 
From t h i s  mass c a l c u l a t i o n ,  a new pressure may be c a l c u l a t e d  f o r  
use in the  nex t  pressure d i f f e r e n t i a l .  c a l c u l a t i o n :  . . 
.
P1 = f (V1, M2, R1, T2) 
. ~ . . . . . . ... . 
. . 
. 
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I R1 = gas constant  f o r  t h e  p a r t i c u l a r  gas 
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T2 = b u l k  temperature o f  the  gas 
The i d e a l  gas law, P V  = MRT, can be used f o r  a l l  compressible gas 
c a l c u l a t i o n s  except a t  very h igh  pressures and f o r  cryogenic. 
Empi r ica l  equat ions o f  s t a t e  w i l l  be used i n  these cases. 
I 4.3.9.1 Thermal P r o t e c t i o n  Subsystem I The Thermal P r o t e c t i o n  Subsystem (TPS) i s  in tended t o  thermal ly  I s h i e l d  the  v e h i c l e  from h igh  temperatures du r ing  atmospheric f l i g h t .  I Two bas i c  arrangements are  planned, one f o r  h igh  temperatures (up t o  
2500°F) on the l ead ing  and lower sur faces o f  the e x t e r i o r  and one f o r  
moderate temperatures (below 650' F)  f o r  t h e  upper surfaces. 
The s imu la t i on  w i l l  cover both atmospheric and o r b i t a l  f l i g h t  cases. 
I A c r i t i c a l  a1 ti tude w i l l  be used t o  determine which case i s  dominant, 
i.e., aerodynamic heat ing  from atmospheric f l i g h t  o r  r a d i a t i v e - e f f e c t s  
C ., 
encountered i n  o r b i t a l  f l i g h t .  
1 For the  s imu la t ion ,  the  e x t e r i o r  v e h i c l e  sur face w i l l  be d i v i d e d  I i n t o  a number o f  sec t ions  so t h a t  heat f l u x e s  and temperatures a t  I var ious  p o i n t s  c.an be ca lcu la ted .  I 4.3.9.1.1 Rad ia t ion  I S Radia t ion  from the f o l l o w i n g  sources w i l l  be accounted f o r  i n  the  
'* 
s imu la t ion :  1. So la r  
2. Ear th  emission 
3. Solar .  r e f l e c t e d  from ea r th  
4 .  Deep space 
i 
I 
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A constant so l a r  heat f lux  will be used since the orbi ta l  distances 
are  small compared to  the distance from earth t o  the sun. For a 
given section of area ,  or ientat ion r e l a t i ve  to  the sun-earth l i n e  
will be used t o  determine the e f fec t ive  area.  Figure 4.3.9.1.1.1 
shows a typical planar area segment o r  panel, . 
Solar Flux 
(Para l le l )  - 
__C - -Q9 
Figure 4.3.9.1.1.1 
I f  the actual surface area i s  A2 ,  then correcting f o r  the effect ive 
area w.r. t. s o l a r  f lux ,  the s o l a r  radiation imaingement i s  given 
by : Qs r = f (Ai, 8, C l , a l )  
o r  spec i f ica l ly :  
Qsr = (al)(C1 ) (A2)(Cos~)  
where: QSr = heat t ransfer  to  panel due to  so l a r  radiation 
C, = constant f o r  solar  heat f lux 
A2 = actual area of panel 
a1 = absorptivity of panel surface,  (t 
The ef fec t s  due to  the ea r th ' s  ref lect ion of so l a r  radiation will 
a l so  employ a constant, determined experimentally, with corrections 
made f o r  vehicle position re la t ive  to the earth-sun l i n e  and f o r  
orientation re la t ive  t o  the earth-vehicle l ine .  Figure 4.3.9.1.1.2 
shows an example. 
So'ar '. '. k% 
Figure 4.3.9.1.1.2 
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Again us ing  a  p lana r  area segment, the r e f l e c t e d  f l u x  w i l l  be 
c a l c u l a t e d  by: Fref = f(Cp B 
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o r ,  'F,,~= (c2)(Cos B )  
where: Fref = f l u x  r e f l e c t e d  a t  6 
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6 = angle between t h e  sun-ear th l i n e  and the  ea r th -  
v e h i c l e  l i n e  
O f  t h i s  r e f l e c t e d  f1ux;only a  p o r t i o n  w i l l  s t r i k e  the  panel. I f  
the  panel i s  o r i e n t e d  away from the  ea r th -veh ic le  l i n e  by an angle 
y, then t h e  heat t r a n s f e r r e d  t o  the panel w i l l  be: 
where: Qer = heat t r a n s f e r  t o  panel due t o  r e f l e c t e d  s o l a r  
r a d i a t i o n  
A3 = ac tua l  area o f  the  panel 
Both d i r e c t  and r e f l e c t e d  s o l a r  r a d i a t i o n  w i l l  be ignored when t h e  
v e h i c l e  i s  i n  t h e  umbra. 
7 ,  
Emission from the  e a r t h  however w i l l  be experienced i n  and o u t  o f  
t h e  umbra and w i l l  be s imu la ted  as a cons tant  f l u x  co r rec ted  f o r  
o r i e n t a t i o n  t o  the  ea r th -veh ic le  l i n e .  m 
Another s i g n i f i c a n t  heat f l u x  i s  t h a t  r a d i a t e d  away f rom the 
e x t e r i o r  sur faces t o  deep space. I n  general ,  the  s o l u t i o n  w i l l  be 
o f  t h e  form given i n  3.3 .9  i n  t h e  general d iscussion.  
The t o t a l  heat t r a n s f e r  t o  a  t y p i c a l  elemental s e c t i o n  o f  s t ~ r f a c e  
then can be determined by sumning a l l  o f  t h e  above separate components. 
where: Qee = heat  t rans fe r  due t o  e a r t h  emission 
Parameters d e f i n i n g  v e h i c l e  p o s i t i o n  and o r i e n t a t i o n  w i l l  be u t i l i z e d  
I 
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t o  pe rm i t  dynamic computations f o r  r a d i a t i o n .  
4.3.9.1.2 Aerodynamic E f f e c t s  
Below a  c r i t i c a l  a l t i t u d e ,  the  r a d i a t i o n  heat  t r a n s f e r  i s  n e g l i g i b l e  
compared t o  aerodynamic e f f e c t s .  I n  the  s imu la t ion ,  on l y  one o r  
the  o the r  w i l l  be computed a t  a  g iven time. Based on t e s t  data, an 
emp i r i ca l  r e l a t i o n s h i p  can be developed t o  determine heat  t r a n s f e r  
due t o  aerodynamic heat ing.  The r e l a t i o n s h i p  w i l l  be based on 
v e h i c l e  v e l o c i t y ,  and atmospheric dens i ty .  
Qa = f (q, s, u2, A3) 
where: Qa = heat  t r a n s f e r  due t o  aero 
q = dynamic pressure 
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A3 = su r face  area o f  s e c t i o n  
Ac tua l  t e s t  data w i l l  be used t o  generate curve f i t equations. Again, 
the o u t e r  s t i r face w i l l  be d i v i d e d  i n t o  sec t ions ,  wi th-a d i f f e r e n t  
equat ion app l i cab le  t o  each. 
F igure  4.3.9.1.2 shows a  group o f  sec t ions  schemat ica l l y  and prov ides 
a  s i m p l i f i e d  p i c t u r e  o f  the method t o  be used t o  calcuaate t h e  temp- 
e r a t u r e  o f  a  g iven sec t ion .  
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I n  t h i s  example i t  can be seen t h a t  i n  a d d i t i o n  t o  the  heat  
t r a n s f e r  a l ready  discussed, conduct ion t o  neighbor ing sec t ions ,  
91 and Q2 w i l l  be simulated. A l l  heat  t r a n s f e r r e d  i n t o  and o u t  
o f  a g iven s e c t i o n  w i l l  be sumned and i t s  i n f l u e n c e  on the  temperature 
o f  the  s e c t i o n  w i l l  be ca l cu la ted  as shown i n  t h e  general d iscussion.  
The TPS equations w i l l  be c a l c u a l t e d  once per  second. 
4.3.9.2 Thermal Contro l  Subsystem 
Th is  subsystem (TCS) cons i s t s  main ly  o f  passive elements such as heat  
s inks,  sur face coat ings  and i n s u l a t o r s .  The subsystem s imu la t i on  w i l l  
cons i s t  ma in ly  o f  conduct ion heat  t r a n s f e r  equat ions. The bas i c  equa- 
t i o n  i s  g iven by: 
6 COND = (K~)(A~)(-$$-) 
where: K3 = thermal c o n d u c t i v i t y  o f  ma te r i a l  
A4 = area normal t o  heat  f l u x  
AT3 = temperature d i f f e r e n t i a l  o f  two neighbor ing 
sec t ions  
AX = d is tance between the  e f f e c t i v e  centers o f  
neighbor ing sect ions.  
c. 
The conduct ion equat ions w i l l  be app l i ed  t o  each l a y e r  o f  i n s u l a t i o n  
ma te r ia l  u n t i l  the  cab in  w a l l s  a re  reached. A t  t h i s  p o i n t ,  t h e  Environ- 
mental Contro l  and L i f e  Support Subsystems w i l l  accept the  heat f l u x  
and determine the  i n f l u e n c e  on the i n t e r n a l  w a l l s  and cab in  atmosphere 
temperatures. The TCS equations w i l l  be executed a t  a l /second r a t e .  
4 
-. 
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4.3.9.3 Environmental  Cont ro l  and L i f e  Support  Subsystem . .  . . . 
The Environmental Cont ro l  and L i f e  Support  System (ECLSS) s i m u l a t i o n  
. . 
w i l l  be d i v i d e d  i n t o  e i g h t  subsystems. F ipure  4.3.9.3 shows the  piincipal organ- 
i z a t i o n  o f  the subsystems and the  b a s i c  i n t e r f a c e  areas. I n  each case, a w r i t t e n  
d e s c r i p t i o n  adjacent  t o  a b l o c k  i n d i c a t e s  t h a t  a common i t e m  w i l i  be s imu la ted  
i n  t h a t  b lock.  The TPS and TCS are a l s o  shown i n  t h e  f i g u r e .  
. . . 
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The ECLSS subsystems w i l l  rece ive  crew s t a t i o n  sw i t ch  and d i g i t a l  
c o n t r o l  comands v i a  the ECLSS i n t e r f a c e  proaram (ECI). An i t e r a t i o n  r a t e  o f  
5/second permi ts  ~ornentary switches and d i g i t a l  commands t o  be read a t  a 
s a t i s f a c t o r y  speed. The orogram a l s o  generates ou tput  parameters f o r  crew 
4 
s t a t i o n  meters and l i g h t s ,  te lemetry,  bus loads and caut ion  and warning. 
Por t ions  o f  the  program w i l l  be executed a t  a s lower r a t e ,  l /second. 
The o the r  ECLSS subsystems w i l l  con ta in  the  equat ions necessary t o  
accura te ly  s imu la te  t h e  rea l -wor ld  components and equioment: Each subsystem 
w i l l  i n t e r f a c e  w i t h  non-ECLSS subsystems as shown i n  F igure 4.3.9.3. 
The atmosphere c i r c u l a t i o n  subsys t e n  (ACS) v r i  11 c o n s i s t  o f  c a l c u l a t i o n s  
f o r  the  cabin, payload compartment, a i r l o c k  and av ion ics  bay atmospheres. 
Temperatures, pressures and p a r t i a l  pressures o f  s p e c i f i c  gases w i  11 he accounted 
f o r .  I n t e r n a l  w a l l  heat  loads, metabol ic  heat  loads, and a i r  cooled co ldn la ted  
equipment heat  loads w i l l  be ca lcu la ted .  F i r e  de tec t i on  and p rov i s ions  f o r  a 
h igh  n i t r o g e n  purge o f  t h e  av ion ics  bay w i l l  be ca lcu la ted .  Ca lcu la t ions  f o r  
,. 
EVA lock  p r e s s u r i z a t i o n  as w e l l  as nominal cabin gas leakage and overboard r e l i e f  
valves w i l l  be inc luded.  An i t e r a t i o n  r a t e  o f  5/second w i l l  be used i n  o rde r  t o  stab- 
i l i z e  the  f l o w  r a t e  as a f u n c t i o n  o f  t h e  d i f f e r e n t i a l  pressure between compartments. 
The atmosnhere p u r i f i c a t i o n  suhsystem (APS) conta ins the s i m u l a t i o n  f o r  
, *. 
1.: 
the  condensing hea t  exchangers, carbon d i o x i d e  removal and cab in  fans. This  
subsystem w i l l  i n t e r f a c e  w i t h  ACS regardincl the  composit ion o f  the cab in  
atmosphere. The hea t  t r a n s f e r  i n  the condensing heat  exchangers w i l l  be ca l cu la ted  
i n  t h i s  program. A 2/second i t e r a t i o n  r a t e  w i l l  be used. 
The water  loop subsystem (IILS) w i l l  con ta in  the  equat ions f o r  pumos, 
loop f l o w  ra tes  and pressures, cab in  co ldwa l l s  (whose convect ive e f f e c t s  w i l l  be 
-. 
simulated i n  the ACS), water  cooled co ldp la ted  equipment, the  av ion ics  bay heat  
exchanger, the wa te r l f r eon  heat  exchanger and the  water  c h i l l e r  hea t  exchmger.  
I t e r a t i o n s  a t  l /second w i  11 be used. 
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The f reon  loop subsystem (FLS) w i l l  p rov ide  f o r  the s i m u l a t i o n  o f  pumps, 
loop f l o w  ra tes  and pressures, the  f u e l  c e l l  heat-exchanger, the  h y d r a u l i c  heat  
exchanger, the r a d i a t o r s ,  the subl imators and the payload heat  exchanger. The 
GSE heat  exchanger does n o t  r e q u i r e  s imu la t i on .  The d iscuss ion  g iven i n  4.3.9.1.1 
descr ib ing  r a d i a t i o n  c a l c u l a t i o n s  w i l l  a l so  apply t o  the r a d i a t o r s  i n  the  FLS. 
The FLS w i l l  per form the heat  t r a n s f e r  c a l c u l a t i o n s  f o r  the f u e l  c e l l  and 
hyd rau l i cs  programs. A1 ti tude, a t t i t u d e  and v e l o c i t y  w i  11 be used t o  determine 
r a d i a t o r  performance. The program w i l l  be c a l c u l a t e d  a t  a  l/second ra te .  
; The oxygen/ni trogen subsystem (ONS) w i l l  be s imu la ted  i n  d e t a i l .  A l l  
supply tanks, mani fo lds,  valves, regu la to rs  and two gas con t ro l s  w i l l  be 
inc luded.  Th i s  subsystem provides e i t h e r  oxygen o r  n i t r o g e n  t o  PCS as requ i red  
by the two gas c o n t r o l l e r  l o g i c .  N i t rogen  pressurant  i s  a l so  prov ided t o  the 
waste/water subsystem water  tanks. A l l  c a l c u l a t i o n s  f o r  the water  tank pressures 
as a  f u n c t i o n  of n i t r o g e n  pressurant  w i l l  be performed i n  the  ONS. A. c a l c u l a t i o n  
. . 
r a t e  o f  2/second w i l l  be used. 
- 
The waste/water subsystem (WWS) w i l l  compute the accumulation and 
d isposal  o f  waste and potab le  water. The masses and temperatures i n  each tank 
w i l l  be computed i n  t h i s  program. Excess water  from the f u e l  c e l l s  w i l l  b e !  added 
t o  the  po tab le  H20 tank. Water f rom t h i s  tank w i l l  be sen t  t o  the FLS where the  
sub l imator  equat ions are located. The waste tank w i l l  accumulate condensate from 
the  APS condensing heat  exchanger ca l cu la t i ons .  A l /second i t e r a t i o n  r a t e  i s  
adequate f o r  the  WWS s imula t ion .  . . ~ - . . .. . .~ 
. . ~  . ~ The ram vapor subsystem (RVS) w i l l  con ta in  a l l  c a l c u l a t i o n s  r e q u i r e d  fo r  
the vapor cyc le  coo lan t  loop.  Inc luded i n  t h i s  loop are the  ram a i r  hea t  
exchanger, t h e  f reon  hea t  exchanger, compressor and e x ~ a n s i o n  valve. A l t i t u d e ,  
a t t i t u d e ,  and v e l o c i t y  w i l l  be pr imary i npu ts  f o r  the  ram a i r  hea t  exchanger calcu-  
l a t i o n s .  These c a l c u l a t i o n s  w i l l  be ignored a t  extremely h i q h  a l t i t u d e s  where the 
a i r  dens i ty  i s  n e g l i g i b l e .  This program w i l l  be executed a t  a  2/second rate. 
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4.3.10 Payload Acco~~~modation ~ y s t e n i  
The s imu la to r  payload accommodation system w i l l  s in iu la te  the  opera t ion  o f  
t h e  payload manipulator  arms, payload attachnient devices, payload bay doors, and 
t h e  payload bay l i g h t i n g  and t e l e v i s i o n  subsystems. The s i n ~ u l a t e d  payload 
accooic~odation system w i l l  r ece i ve  i npu ts  from the s imulated equat ions o f  motion 
( s h u t t l e  and t a r g e t  v e h i c l e  s t a t e ,  t a r g e t  v e h i c l e  mass p r o p e r t i e s ) ,  the  e l e c t r i c a l  
power subsysteni (power a v a i l a b i l i t y ) ,  t h e  h y d r a u l i c  power subsystem (power a v a i l -  
a b i l i t y ) ,  t h e  crew s t a t i o n ,  and the  i n s t r u c t o r  s t a t i o n  (mal funct ions,  biases, e tc . ) .  
I n fo rma t ion  w i l l  be prov ided on payload attachment s ta tus ,  arm dynamics, payload 
. . . . . . . ~~ ~. ~ ' ~ .  ~. 
door p o s i t i o n ;  l i g h t ,  camera, and moni to r  operat ion; e l e c t r i c a l  power loadings, 
and h y d r a u l i c  f low.  The bas ic  c o n f i g u r a t i o n  and data in terchnage o f  the  s imulated 
payload accommodation system i s  i l l u s t r a t e d ,  i n  F igure  4.3.10. 
.~ ~ 
, . ~ ~ 
- 
G. 
. ~ 
F 
. . 
$ 
. . .  . . .  . .. .. . 
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4.3.10.1 Payload Attachment Subsystem 
\ The s imu la ted  payload attachment subsystem s imula tes  t h e  o n e r a t i  on and 
e f f e c t s  o f  t h e  r e a l - w o r l d  subsystem o f  t h e  same name. The s imu la ted  payload a t tach -  
ment i s  i t e r a t e d  once f o r  each a p n l i c a b l e  nayload. I f  the  payload i s  detached, 
fo rces  ( i f  any) exe r ted  upon t h e  payload b y  t h e  attachment f i t t i n g  payload t runn ion  
guides w i l l  be c a l c u l a t e d  f o r  p rooer  dynamics s imu la t i on .  Account w i l l  be taken o f  
payload mot ion as w e l l  as payload p o s i t i o n  i n  c a l c u l a t i o n  of such forces,  t o  amelio- 
r a t e  e f f e c t s  o f  sampling l ag .  A t tach  commands w i l l  be honored on l y  i f  s w i t c h  and 
breaker  s e t t i n g s  are proper  and power i s  a v a i l a b l e .  A payload w i l l  be a t tached when 
t h e  command i s  issued,  and p o s i t i o n  and v e l o c i t y  o f  payload attachment p o i n t s  w i t h  
respect  t o  s h u t t l e  r e t e n t i o n  p o i n t s  i s  w i t h i n  t h e  a p p l i c a b l e  c o n s t r a i n t s .  When a  
payload has j u s t  been attached, i t s  mass c e n t e r  n o s i t i o n  and i n e r t i a  t enso r  w i t h  
respect  t o  s h u t t l e  body coordinates w i l l  be c a l c u l a t e d  f o r  use i n  t h e  c a l c u l a t i o n  
o f  mass p rope r t i es .  An at tached payload w i l l  be checked f o r  a re lease command. P 
re lease command w i l l  e x i s t  when sw i t ch  aild 6 reake r  s e t t i n g s  are p rooe r  and oower i s  
. - 
. . . .-%."- 
a v a i l a b l e ;  A t  the '  p o i n t  a t  which a  payload i s  released, i t s  s t a t e  f o r  t a r g e t  
1' > 
v e h i c l e  EOI l  w i l l  be i n i t i a l i z e d  us ing  s h u t t l e  s t a t e  and r e t e n t i o n  s t a t e  w i t h  respec t  
t o  t h e  s h u t t l e  veh ic le .  I t s  mass p r o o e r t i e s  a l s o  w i l l  cease t o  be i n c l u d e d  i n t o  
s h u t t l e  veh i c le  mass p r o p e r t i e s .  I t ' w i l l  be assumed t h a t  a  payload, once at tached,  
remains f i x e d  w i t h  respec t  t o  t h e  s h u t t l e .  P r e l i m i n a r y  da ta  i m p l i e s  t h a t ,  i n  the  
. 
rea l -wor ld ,  t h i s  w i l l  be the  case t o  w i t h i n  0.5'. A t  t h i s  p o i n t ,  i t  would appear 
t h a t  any e f f e c t s  on v e h i c l e  i n e r t i a  t enso r  r e s u l t i n g  f rom such mot ion w i l l  be s u f f i -  
c i e n t l y  smal l  as t o  n o t  r e q u i r e  s i m u l a t i o n  f o r  t r a i n i n g  purposes. Center o f  mass 
s h i f t s  p e r m i t t e d  are  n o t  known, b u t  are a l s o  assumed t o  be i n s i g n i f i c a n t .  ~ y e c i s e  
s i m u l a t i o n  of continuum e f f e c t s  o f  such mass p r o p e r t y  s h i f t s  wou ld-probab ly  be r u l e d  
o u t  i n  any case due t o  c o s t  vs. b e n e f i t .  Rough annroximat ion o f  r e t a i n e d  payload 
dynamics and r e s u l t i n g  momentum e f f e c t s  would be somewhat l e s s  c o s t l y ,  h u t  s t i l l  
does n o t  appear t o  be j u s t i f i e d  by  c u r r e n t l y  a v a i l a b l e  data. The pavload attachment 
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simulation will be calculated f o r  each apnlicable payload once each 100 milliseconds. 
This r a t e  matches t h a t  of the manipulator dynamics and the aoplicable s h u t t l e  mass 
proper t ies ,  and is su f f i c i en t ly  f i n e  t o  avoid noticeable delays i n  mass property 
changes and payload re lease .  
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4.3.10.2 Payload Flani pulator Subsystem 
The  simulated payload manipulator subsystem simulates the dynamics and 
interfaces  of the shu t t l e  payload manipulators. Inputs t o  the simulated subsystem 
include manipulator a m  j o i n t  and terminal device posit ion commands (from the on- 
hoard computers), power available booleans ( f ron  the  e l ec t r i ca l  nower subsystem) 
shu t t l e  vehicle t ransla t ional  s t a t e  and body forces (from transla t ional  EON), shu t t l e  
vehicle a t t i t ude ,  angular velocity and t o t a l  moments (from rota t ional  EON), payload 
posit ion ( f ron  t a rge t  vehicle t rans la t iona l  EON o r  the payload accommodation system), 
payload a t t i t ude  (from ta rge t  vehicle rota t ional  EOM or  the  payload accommodation), 
payload mass i n e r t i a  tensor and c.m. location (from nayload mass nroper t ies ) ,  and 
crew s t a t i on  switch and c i r c u i t  breaker s e t t i ngs .  Provided these inputs ,  the  mani- 
pulator simulation will  calculate  each manipulator j o i n t  anqle position and r a t e ,  
terminal device and deployment device posi t ions ,  j o in t  ootentioneter and tachomter  
outputs, forces and torques exerted upon the  vehicle by the manipulator system, 
payload t rans la t iona l  and rota t ional  s t a t e  unon re lease ,  e l ec t r i ca l  power loads,  
checkout system outouts, and r e l a t i ve  s t a t e  of a  je t t i soned arm. Definition of the 
vehicle payload manipulator subsystem i s  qu i te  amorphous and indef in i te  a t  t h i s  time. 
The real-world configuration herein s inulated i s  based on what i s  apparent14 the 
best  available data ,  b u t  should not be regarded as a  hiqh-confidence delineation of 
.' 
the ultimate real-world system. I t  i s  en t i r e ly  oossible t ha t ,  as real-world system 
design progresses, substant ia l  changes will  be required i n  t h i s  conceptual design. 
The vehicle possesses two manipulator arms, each of which will  be simulated as 
discussed below. I f  a l l  proper crew s t a t i on  switches and breakers are s e t  and Dower 
i s  available and the arm j e t t i son  switch i s  thrown, the  arm will  be je t t i soned.  The 
i 
r e l a t i ve  s t a t e  of the je t t i soned arm wil l  be maintained unt i l  i t  has safely  cleared 
.' 
the vehicle,  f o r  simulation of visual cues t o  ver i fy  separation,  enhanced visual 
realism, and col l is ion avoidance t ra ining.  The je t t i soned arm will  be assumed to  
he given a  fixed impulse, from which i t s  r e l a t i ve  velocity will be calculated O n c e ,  
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and h e l d  constant  t he rea f te r .  There does n o t  seem t o  be a  g r e a t  amount o f  t r a i n i n g  
value i n  ma in ta in ing  r e l a t i v e  r o t a t i o n a l  s t a t e  o f  t h e  j e t t i s o n e d  a n  o r  i n e r t i a l  
s t a t e  of the  j e t t i s o n e d  a m  (though they would imorove real ism).  The j e t t i s o n  forces 
and torques on the  s h u t t l e  w i l l  be simulated. The attachment o f  the m a n i ~ u l a t o r s  t o  
the payload doors w i l l  be simulated. blhen the  arm i s  la tched,  the proper  swi tch  and 
breaker  c o n f i g u r a t i o n  e x i s t s ,  power i s  ava i l ab le ,  and the  un la t ch  svii t ch  i s  thrown, 
the s imu la ted  arm w i l l  be released, and the arm dynamics s imu la t i on  i n i t i a l i z e d  w i t h  
the "stowed" j o i n t  angles, and zero angular  ra tes .  \lhen the  arm i s  unlatched, t h e  
proper  sw i t ch  and breaker c o n f i g u r a t i o n  ex i s t s ,  i s  ava i l ab le ,  and the  un la t ch  
sw i t ch  i s  thrown, the  o r i e n t a t i o n , , o f  t h e  arm w i l l  be checked. I f  t h e  arm snap 
t i e s  are p r o p e r l y  pos i t ioned,  t h e  s imu la ted  arm w i l l  be la tched.  I f ,  however, the  
f u n c t i o n  o f  the rea l -wor ld  l a t c h  swi tch  i s  t o  command an arm t r a j e c t o r y  t o  the latch; 
i n g  pos i t i on ,  a f t e r  which t ime an automatic l a t c h  command i s  given, t h e  la tches  w i l l  
be actuated by t h a t  automatic command. Dur ing per iods  dur ing  which the  arm i s  
la tched,  arm dynamics w i l l  n o t  be ca lcu la ted .  I f  l a t c h i n g  o r  un la t ch ing  can take 
p lace a t  v a r i a b l e  door pos i t i ons ,  t h e  i n i t i a l  j o i n t  angles upon un la t ch ing  w i l l  be 
set ,  and the  proper  snap t i e  p o s i t i o n s  upon l a t c h i n g  w i l l  be determined, as appro- 
p r i  ate, as func t i ons  o f  payload door p o s i t i o n .  The arm deployment mechanism w i l l  
be s imu la ted  as a c t i v e  whenever t h e  proper  sw i t ch  and breaker  conf ic lu ra t ion  e x i s t s ,  
power i s  ava i lab le ,  a  sw i t ch  commanding c h a n ~ e  i n  deployment s t a t e  i s  thrown, and 
redeployment i s  n o t  complete. a c t i v e ,  the  mechanism w i l l  be considered t o  move 
a t  a  constant  r a t e  u n t i l  t h e  appropr ia te  l i m i t i n g  p o s i t i o n  i s  a t ta ined.  Deployment 
device p o s i t i o n ,  p o s i t i o n  o f  the  man ipu la tor  arm shoulder  w i t h  respect  t o  the  body 
ax i s  system and power l oad  w i  11 be ca lcu la ted .  The te rm ina l  device s imu la ted  w i l l  
be a  s imole grasping device. The te rmina l  device s imu la t i on  h i l l ,  however, be 
.. 
kept  f u n c t i o n a l l y  and p h y s i c a l l y  separate from the  remainder o f  the  arm s i m u l a t i o n  
as much as possib le.  Thus, update by m o d i f i c a t i o n  t o  an a l t e r n a t e  te rmina l  device 
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wil l  be simplified,  i f  i t  i s  required. I t  i s  assumed tha t  the device will  qrasp 
the oayload r iq id ly ,  and wi l l  have only one deqree of freedom, namely the j o in t  
between the grasping bars. The simulated terminal device will be active when 
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power i s  available and the proper crew s ta t ion  switch and breaker configuration 
e i i s t s .  I t  i s  assumed t h a t  the terminal device can receive drivc"sipnals from 
e i t h e r  the on-board computers o r  the manual checkout system. On-board computer 
s ignals  will  be assumed t o  be the j o in t  posit ion command, while checkout system 
signals wil l  be assumed t o  be d i r ec t  motor torque comnand, which i s  a t  any qiven 
time e i the r  zero o r  + a fixed number. The terminal device simulation w i  11 include 
servo-loop dynamics i f  s i gn i f i can t  in computing motor t0rque.s. Terminal device 
mass properties (which are constant) wi l l  be used i n  conjunction w i t h  torque t o  
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obtain angular acceleration,  angular r a t e ,  and anoular position of the terminal 
device jo in t .  Outputs t o  the checkout system readouts and power load will a lso 
be calculated. I f  the terminal device was ju s t  closed ( i  . e . ,  jo in t  anqle reduced 
below a cer ta in  po in t ) ,  the terminal device position i s  compared t o  the positions 
". 
of grasping points of a l l  payloads i n  the area (obtained from the ~ a y l o a d  accommo- 
dation system o r  t a rge t  vehicle EON as appropriate). I f  these comparisons indicate 
t h a t  a payload was grasped, i t s  mass and i n e r t i a  properties wil l  be<,stowd Yen the 
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appropriate ce l l s  and i t s  orientation w i t h  respect t o  the arm's wris t  j o in t  will  
C T  
1 _1 
be calculated f o r  use i n  the arm dynamics simulation. I f  the terminal device was 
j u s t  opened ( i . e . ,  j o in t  angle increased above a cer ta in  point) ,  and a payload 
had been grasped, and t h a t  payload i s  not now attached to  the shut t le  vehicle by 
the payload attachment subsystem, the t a r q e t  vehicle Equations of Motion f o r  t h a t  
payload are i n i t i a l i zed .  Payload posit ion,  veloci ty ,  a t t i t ude ,  and anaular ra tes  
a t  release are calculated usinq current shu t t l e  vehicle t ransla t ional  and rotational 
-. 
s t a t e ,  as well as arm jo in t  anqles and angular Pates. A t  re lease ,  the mass and 
i n e r t i a  of the grasped payload will  be rese t  t o  the unloaded condition i n  the arm 
dynamics simulation. Providing tha t  power i s  avail able and crew s t a t i on  switch 
s e t t i n g s  are p rope r l y  conf igured, t h e  man ipu la tor  arm torque motors w i l l  be 
considered ac t i ve .  During times a t  which the  arm i s  n o t  stowed, when a  g iven 
j o i n t  does n o t  have power ava i l ab le ,  i t  i s  assumed t h a t  brakes w i l l  he apo l ied  
t o  t h a t  j o i n t .  It i s  assumed t h a t  each , joint can rece ive  d r i v e  s igna ls  from e i t h e r  
t h e  on-board comnuters ( i n  the form o f  j o i n t  p o s i t i o n  comnands) o r  the  manual 
checkout system ( i n  the form o f  d i r e c t  motor torque commands, which are, a t  any 
g iven time, e i t h e r  zero o r  2 a  f i x e d  number). Servo-loop dynamics w i l l  be inc luded 
i n  the c a l c u l a t i o n  of torque r e s u l t i n q  from d r i v e  s i o n a l s  i f  s i q n i f i c a n t .  Torques 
w i l l  be l i m i t e d  t o  the same values t h a t  rea l -wor ld  arm torques are l i m i t e d .  J o i n t  
torques w i l l  r e f l e c t  the e f f e c t s  o f  the  mal func t ion  o f  one o f  the  motors on t h a t  
j o i n t  when appropr ia te .  Checkout system outnuts, power load,  and torques on each 
j o i n t  a re  c a l c u l a t e d  from the  i n p u t  i n fo rma t ion .  A n  dynamics w i l l  be s imu la ted  
by s o l v i n g  the r ig id -body equat ions o f  motion f o r  the  shuttle/manipulator/oayload 
system. Bending frequencies are c u r r e n t l y  cons t ra ined t o  an amoli tude s u b s t a n t i a l l y  
l ess  than t h e  c o n t r o l  system to le rance,  which i s  presumably sma l l e r  than t h e  minimum 
accuracy envelope requ i red  t o  per fo rm a l l  r equ i red  tasks. Thus, the s i m u l a t i o n  o f  
ann bending e f f e c t s  does n o t  a t  t h i s  t ime aooear t o  p rov ide  s u f f i c i e n t  t r a i n i n g  
value t o  o f f s e t  the  very considerable impact r e s u l t i n g  from i t s  i n c l u s i o n .  The 
data on which t h i s  conclus ion r e s t s  may be i n v a l i d a t e d  as the arm desiqn develops. 
- 
Based upon data  a v a i l a b l e  a t  t h i s  t ime, i t  i s  est imated t h a t  i f  bending mode simula- 
t i o n  i s  requ i red ,  t h e  computer requirements i n  a d d i t i o n  t o  t h e  bas i c  s i m u l a t i o n  a r e  
1  ;000 da ta  words, 3,000 executable i n s t r u c t i o n s ,  and 3P0,000 i n s t r u c t i o n s  per second. 
~. 
When unloaded, the man ipu la tor  w i l l  be assumed t o  c o n s i s t  o f  th ree  segments (shoulder  
t o  elbow, elbow t o  w r i s t ,  w r i s t  through te rmina l  device) ,  each w i t h  s i q n i f i c a n t  mass. 
When loaded, the mass, i n e r t i a  p rope r t i es  and center  o f  mass l o c a t i o n  o f  the  grasped 
payload w i l l  be i nc luded  i n  the  s imu la ted  arm dynamics. Payload cen te r  o f  mass 
l o c a t i o n  w i l l  be a v a i l a b l e  i n  terms o f  a  v e c t o r  f rom the te rm ina l  device t o  the  
- .  . . 
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mass center .  Thus, the  shuttle/manipulator/oa,vload w i t h  the  aforementioned approx- 
imat ions i s  a  cons t ra ined system o f  f o u r  ( o r  f i v e )  r i g i d  masses w i t h  a t  l e a s t  twelve 
degrees o f  freedom. I t  i s  n o t  c l e a r  a t  t h i s  t ime t o  what f u r t h e r  e x t e n t  t h e  
dynamics problem can be s i m p l i f i e d .  Cer ta in  s i m p l i f i c a t i o n s  can apparent ly  be 
r u l e d  ou t ,  however. Since the system can deploy oayloads approximately 1/3 as 
massive as the shut t le . ,  and s ince  the arm may be u s e f u l  t o  p rov ide  forces du r ing  
the  f i n a l  phase o f  s h u t t l e - t o - s h u t t l e  docking, t h e  mass o f  the  s h u t t l e  cannot be 
approximated as i n f i n i t e l y  l a r g e  w i t h  respec t  t o  the  grasped payload. Hence, the  
i n t e r a c t i o n  o f  the  man ipu la tor  dynamics w i t h  s h u t t l e  dynamics must be s imulated.  
Since the arm, durinr j  deoloyment, r e t r i e v a l ,  and dockina, w i l l  brake r e l a t i v e  
v e l o c i t i e s  between the s h u t t l e  v e h i c l e  and massive ob jec ts ,  arm p o s i t i o n  w i l l  n o t  
necessa r i l y  f o l l o w  i n p u t  commands e x c e ~ t  over  very long per iods  o f  t ime. Thus, no 
such s i m p l i f y i n g  assumptions may be made. A p p l i c a t i o n  o f  torque t o  a  g iven j o i n t  
w i l l  e i t h e r  cause motion a t  o the r  j o i n t s ,  o r  r e q u i r e  opposinq torques a t  o t h e r  
j o i n t s .  Hence, the  dynamics o f  a  g iven j o i n t  cannot be s imu la ted  i n  i s o l a t i o n  
from o the r  j o i n t s  (except  poss ib l y  as a  temporary approximation).  J o i n t s  are 
prov ided f o r  motion about a l l  th ree  axes, so p l a n a r  s i m p l i f i c a t i o n s  are n o t  poss ib le .  
The e f f e c t s  o f  j o i n t  brakes and p o s i t i o n  l i m i t s  on each j o i n t  w i l l  be i nc luded  i n  
the  arm dynamics s imu la t ion .  The arm dynamics w i l l  r e f l e c t  the  e f fec ts  o f  fo rces  
and torques (ex te rna l  t o  the payload system) on the  s h u t t l e  veh i c le  and s h u t t l e  
veh i c le  angular v e l o c i t y .  The arm dynamics s i m u l a t i o n  w i l l  ob ta in  from these i npu ts ,  
as w e l l  as j o i n t  torques and prev ious man inu la tor  s t a t e ,  the  anpular  acce lera t ions  
on each j o i n t .  These acce lera t ions  w i l l  be i n t e q r a t e d  t o  o b t a i n  j o i n t  v e l o c i t i e s  
and pos i t i ons ,  force and torque exer ted by the man ipu la tor  uoon t h e  s h u t t l e  vehic le,  
o r i e n t a t i o n  of t h e  w r i s t  beam upon which the  TV camera and f l o o d l i a h t  i s  mounted, 
and o r i e n t a t i o n  o f  the grasped payload, i f  any. C o l l i s i o n  c o n s t r a i n t s  w i l l  he 
simulated. The p o s i t i o n s  o f  the elbow j o i n t ,  w r i s t  j o i n t ,  and payload ( o r  te rmina l  
. . s. 
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device i f  unloaded) w i l l  be c a l c u l a t e d  from the  j o i n t  anqles. The payload w i l l  be 
approximated as a c y l i n d r i c a l  s o l i d .  A l l  t h r e e  beams and the  payload ( o r  t e rm ina l  
device) w i l l  then be checked t o  i n s u r e  they are  n o t  i n  c o l l i s i o n  w i t h  any p a r t  of 
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the  s h u t t l e  vehic le,  a  payload, o r  another arm. I f  a  c o l l i s i o n  has occurred, the  
necessary j o i n t  anqles w i l l  be r e s e t  and j o i n t  ra tes  zeroed t o  prevent  the  mani- 
pu la tor /pay load from pene t ra t i ng  the veh ic le .  Accurate s imu la t i on  o f  c o l l i s i o n  
dynamics i s  n o t  assumed t o  be necessary f o r  t r a i n i n g  s imu la t ion .  Since t h e  ope ra to r  
should be t r a i n e d  t o  avoid smashina the manioulator /payload i n t o  the  veh ic le ,  i t  
would appear t h a t  on ly  the de tec t i on  o f  c b l l i s i o n  must be s imu la ted  accura te ly .  
Outputs o f  the j o i n t  potent iometers and tachometers are ca l cu la ted  from t h e  t r u e  
j o i n t  p o s i t i o n s  and v e l o c i t i e s .  These outputs w i  11 a l s o  r e f l e c t  ins t rument  biases 
and malfunct ions, as w e l l  as quan t i za t i on .  An i t e r a t i o n  r a t e  o f  10 per second i s  
app l i ed  t o  the man ipu la tor  s imu la t ion .  This  r a t e  should be w i t h i n  the  l i m i t s  o f  
percept ion,  and, w i t h  a  h i g h  f i d e l i t y  dynamics s imu la t i on ,  should p rov ide  adequate 
response c h a r a c t e r i s t i c s  accuracy. As the r e a l - w o r l d  on-board computer data 
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i n t e r f a c e  r a t e  i s  n o t  c u r r e n t l y  known, i t  has n o t  been taken i n t o  account. I f  
computer i n t e r f a c e  ra tes  are considerably h ighe r  than t h i s ,  which i s  possib le,  i t  
should be poss ib le  t o  o b t a i n  adequate appmximations t o  t h e  outputs t o  the  computer 
dur ing  the i n t e r v a l  between arm dynamics r e c a l c u l a t i o n  t imes. Since sys ten  
performance c h a r a c t e r i s t i c s  appear t o  be q u i t e  s luggish,  such approximations are 
n o t  expected t o  cause severe degradat ion o f  system response c h a r a c t e r i s t i c s .  The 
conceptual design f o r  t h e  man ipu la tor  s i m u l a t i o n  i s  sketched i n  f i g u r e  4.3.10.2-1. 
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Symbol D i c t i o n a r y  f o r  F igu re  4.3.10.2-1 
C A l w r i s t  Wr i s t  o r i e n t a t i o n  m a t r i x  ' lmt  Power load due t o  
'b i Body fo rces  on s h u t t l e  te rmina l  dev ice  ope ra t i on  
-+ 
v e h i c l e  ( i n e r t i a l  coord inates)  r S h u t t l e  p o s i t i o n  
* 
$ui  des Force due t o  payload P o s i t i o n  o f  j e t t i s o n e d  arm 
3 
attachment guides r 
a p l  Terminal device t o  
F' 
Pay Force exer ted on s h u t t l e  payload mass cen te r  vec to r  
3 
v e h i c l e  by manipulator  arm rmel b  P o s i t i o n  o f  arm e l  bow 
-+ 
[ ' lap1 I n e r t i a  tensor  o f  at tached rmpay P o s i t i o n  o f  arm payload 
-+ pay1 oad rmwr P o s i t i o n  o f  arm w r i s t  
-+ 
[ I ' t v  Target  v e h i c l e  i n e r t i a  r P o s i t i o n  o f  ith payload paypi 
tensor  grasping p o i n t  
T: +- To ta l  nloment on s h u t t l e  v e h i c l e  rShoul P o s i t i o n  o f  arm shoulder 
-+ Torque on ith arm j o i n t  3 L m j i  r ~ n a p t i e s  Pos i t i ons  o f  arm l a t c h i n g  
-+ 
L ~ a ~  T o t a l  moment exer ted  on snap t i e s  
s h u t t l e  v e h i c l e  by manipulator  arm ?tv Target  v e h i c l e  p o s i t i o n  
'apl Mass o f  at tached payload $ S h u t t l e  v e l o c i t y  
-+ 
M t v  Mass o f  t a r g e t  v e h i c l e  'arm V e l o c i t y  o f  j e t t i s o n e d  arm 
-+ 
n  j Number o f  man ipu la tor  arm V t v  Target  v e h i c l e  v e l o c i t y  
degrees o f  freedom [Y]  S h u t t l e  d i r e c t i o n  cosines 
n  
Pa Number o f  payload grasping [ y l t v  Target  v e h i c l e  d i r e c t i o n  
p o i n t s  cosines 
'lrn Power load due t o  arm opera t i on  edoor Payload door angular  
'lmd Power load due t o  deployment p o s i t i o n  
device ope ra t i on  emd Deployment dev ice  angle 
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'md Deployment device angular r a t e  
% j i  Position of i th  manipulator ann 
angle 
i  Angular r a t e  of i th  n~anipulator 
am1 angle 
.. 
8 .. Angular acceleration of i t t l  
mJ 1 
manipulator a m  angle 
8 . .  Conmanded position of i  t h  
m J C 1  
manipulator arm angle 
'mjri Readout of i th  j o i n t  potentiometer 
e m j  r i  Readout of i th  jo in t  tachometer 
'"It Position of terminal device 
angle 
B",t Angular r a t e  of terminal 
device angle 
emtc Comanded posit ion of terminal 
device angle 
-+ 
w Shut t le  vehicle angular 
r a t e  
-f 
W t v  Target ve l~ i c l e  angular 
r a t e  
- 
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4.3.10.3 Payload Bay Doors Subsystem 
The payload door simulation calculates the posit ion of each segment of 
the payload doors and space radiators ,  torques exerted on the shu t t l e  vehicle by 
t h e i r  motion, t h e i r  e f f ec t s  upon vehicle mass properties and hydraulic flow. ldhen 
unlatched and in motion, proximity of the doors t o  the appropriate la tch oroximity 
sensors will  be checked on each pass through the program. When proper proxiriity 
i s  achieved (and switches, breakers, power, e t c . ,  are properly configured), the 
latches will  be actuated. Latch zip-fastener action will  be simulated as a function 
of time since the proximity sensors were actuated. Door motion w i  11 be simulated 
both w i t h  and without space radiators attached. Door motion will  take place only 
when necessary e l ec t r i ca l  andhydraul ic  power are available and i t  i s  comanded. 
The angle between the door posit ion when closed and the current door position 
(measured in  the plane normal t o  the door longitudinal center l ine)  as well as the 
angle between the space rad ia tor  position when closed and the current space radiator  
posit ion will be maintained. When i n  motion, the door will  move a t  an anqular r a t e  
,>, 
which i s  a function only of hydraulic flow available.  . (No data on door motion i s  
avai lable ,  b u t  t h i s  seems to  be a reasonable assumation). The current door and 
radiator  angles will  be used t o  calculate  door and rad ia tor  center of mass 'posit ions 
and i n e r t i a  sensors in  the shu t t l e  B coordinate frame, f o r  use i n  shu t t l e  mass 
. . 
properties.  Clhen in accelerated motion, the doors wi l l  exe r t  a reaction torque on 
the s h u t t l e  vehicle. The real-world door/vehicle dynamics problem i s  f a i r l y  comolex, 
due t o  the continual vehicle i n e r t i a  change during door motion. The torques involved 
i n  closing both door/radiator combinations (worst case) a re  in ternal  t o  the  s h u t t l e  
body, and do not a f f ec t  the t o t a l  angular momentum of the system. Thus, system 
angular momentum should remain constant during the operation. Hence, as the doors/ 
. 
radiators  open, since the i n e r t i a  tensor decreases, shu t t l e  body ra tes  increase t o  
conserve angular momentum. tlowever, o t h e r  torques (e .g . ,  RCS f i r i n g s )  could a1 t e r  
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angular  momentum dur ing  t h i s  i n t e r v a l .  The t o t a l  resu l  t i n 9  dynamics could be 
s imu la ted  w i t h  h igh  p rec i s ion ,  bu t  the s imu la t i on  would n o t  be simple. The dynamics 
cou ld  probably be aoproximated somewhat more s imaly,  b u t  l ess  accurate ly .  O r ,  the  
e f f e c t  cou ld  be iqnored. Considering tha t ,  du r ing  door c los ing ,  body ra tes  should 
o r d i n a r i l y  be low, and t h a t  doo r / rad ia to r  mass i s  probably a  f a i r l y  smal l  f r a c t i o n  
o f  v e h i c l e  mass, and the re fo re  w i l l  n o t  unduly a f f e c t  i n e r t i a  tensor,  and t h a t  
these dynamics should n o t  i n v o l v e  any impor tan t  crew cues, i t  i s  c u r r e n t l y  in tended 
t o  i gno re  them. I f  any o f  t h e  above assumptions are v i o l a t e d  as design and procedures 
development advances, the above conclus ion should be a l t e red .  The payload door 
s imu la t i on  w i l l  be i t e r a t e d  10 times p e r  second, the  same r a t e  as most o f  the  remainde,. 
o f  the  payload accommodation system. This r a t e  should be s u f f i c i e n t  t o  p rov ide  
t r a i n i n g  cues t o  w i t h i n  t h e  perceat ion  o f  the  crew. The conceptual design o f  the 
s i m u l a t i o n  f o r  a  g iven segment i s  sketched i n  f i g u r e  4.3.10.3-1. 
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Power Avai lable Paver Avai lable 
(2) Simulate Door Motion 
b 
, * 
1 Simulate Zip Fastener . 'cmdoor = f3(bdoor) 
[']door = f'(8door) 
(31 Simulate Door and Radiator Motion 
'door = f(hydrau1ic fla avai lable)  
- f ( idoor)  
&door = @pad ' fi(idoor) 
Fastener 
Radiator P o ~ i t i o n .  
+lass Properties b 
I Atdl ' 0 
. . 
1 FIGURE 4.3.10.3-1 PAYLOAD BAY DOORS 
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Symbol Dictionary for  Figure 4.3.10.3-1 
[''door Current i ne r t i a  tensor of Glatch Vector from door la tch 
payload door ( shu t t l e  B point t o  proximity 
coordinates) sensor 
CIlrad Current i n e r t i a  tensor of Atde Time since latching 
space rad ia tor  ( shu t t l e  B i n i t i a t ed  
coordinates) 'door Angular position of 
+ 
Ldoor Reaction torque on shu t t l e  
door with respect t o  
due t o  accelerated door shu t t l e  
motion 'door Angular r a t e  of door 
-+ Current mass center of w i t h  respect t o  
rcmdoor 
payload door ( shu t t l e  B shu t t l e  
coordinates) 'rad - Angular position of 
+ Current niass center of space radiator w i t h  respect 
rcmrad 
radiator  ( shu t t l e  8 t o  shu t t l e  
coordinates) 
F" 
I 
3 
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4.3.lp.4 Payload Illuniination S-
The simulated payload bay i l lumination subsystem will  determine whether 
each of the  payload bay 1i.ghts are l i t ,  and ca lcu la te  the  result ing power loads. 
The appropriate crew s t a t i on  switches and breakers, as well as the appropriate 
power avai lable  boolean, will  be checked t o  determine whether each l i g h t  i s  on. 
Each illuminated l i g h t  wil l  provide a cha rac t e r i s t i c  constant increrncnt t o t h e  
to t a l  power load from the payload i l lumination subsystem. The illumination s t a t u s  
of each l i g h t  wil l  be provided t o  the simulated visual system. 
I- 
* 
crew switches 
s t a t i on  
. c i r c u i t  breakersB 
Electr ical  . . .  power 
power 
avai lable  1 oad power 
. . 
9 /----. 
. '. 
' -. ~ 
\ - 
\ '., 
4.3.10, .5 Payload TV Subsystem 
The simulated payload bay te levis ion subsystem wil l  determine whether 
each of the  payload bay te levis ion cameras are i n  oneration,  calculate  the  'orientation 
of a l l  moveable cameras, determine whether each of the nayload handling s t a t i on  
te lev is ion  monitors i s  i n  operation, and calculate  the  resul t ing power loads. A 
, ?  
camera will be simulated as on when the'  appropriate crew s t a t i on  switches, crew 
s t a t i on  c i r c u i t  breakers, and power avai lable  booleans exhib i t  the correct  configura- 
t ion.  Each operating camera o r  monitor wil l  provide an increment t o  the t o t a l  power 
load from the payload bay te lev is ion  subsystem. The operational s t a t u s  of each . 
camera and monitor wil l  be provided t o  the simulated visual subsystem. The or ien ta -  
t ion o f  the manipulator arm wr i s t  TV cameras wil l  be calculated from data received 
-d 
illumination 
visual 
Payload 
Illumination 
Logic 
s t a tu s  . . 
1 
nower e l ec t r i ca l  
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f rom the  s imulated payload manipulators.  O r i e n t a t i o n  o f  o t h e r  moveable a t t i t u d e  
cameras w i l l  be ca l cu la ted  f rom crew s t a t i o n  sw i t ch  i npu ts  ( t a k i n g  due account o f  
power ava i l ab le ) ,  and man ipu la tor  o r i e n t a t i o n  i f  an automatic t r a c k  c a n a b i l i  t y  
e x i s t s .  The same t e l e v i s i o n  l o g i c  w i l l  be used t o  s imu la te  o t h e r  on-hoard 
t e l e v i s i o n  systems. + 
i 
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Symbol D i c t i o n a r y  
E A 1 w r i  s t  Manipulator  w r i s t  axes P l p t v  Payload t v  system 
t o  body axes d i r e c t i o n  power l o a d  
-+ 
cosines rcan~ ~ o s i t i d n  o f  camera 
P o s i t i o n  o f  i t h  1 camonj jth t v  camera o n / o f f  e m j i  
jth t v  mon i to r  o n / o f f  man ipu la tor  j o i n t  
'mononj 
t cam D i r e c t i o n  o f  center  o f  
camera f i e l d  o f  view 
t 
J cam D i r e c t i o n  o f  camera 
V e r t i c a l  a x i s  
nc Number o f  t v  cameras 
n j Number o f  manipulator  j o i n t s  
''"1 Number o f  t v  moni tors 
." 
a 
4 
% 
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Lrew S t a t i o n  Switches 
C i r c u i t  Breakers Crew S t a t i o n  Switches C i r c u i t  Breakers I 
n v a r  t a u l e  6 4 
(1)  Camera S t a t u s  I 
I I camonj (1 < j < n  ) - 
- C i  
Enter  10 mononj ( 1  < = f (crew s t a t i o n  inputs, - 
Per Second power a v a i l a b l e )  = f (crew s t a t i o n  i n p u t L  L power a v a i l a b l e )  
' lptv = F ( i camnj ,  P l p t v  = P 1ptv + 
1 2 j 5 nee) f ( i  l < j < n , )  On/Off 
mononi - - b V) 
- 
On/Of f  b 
I 
C 
S t a t u s  I- Power L m 
2 -4 
, = -'I 
LUdU 
Orienta t ion  4 
( 3 )  Caniera Pos i t i on ,  Or i en ta t ion  
( U r i s t  TV Cameras) 
-, 
- ream - f l ( emj i ,  1 < i < n . )  
+ -  - J 
'cam - f2([Alwrist)  
+ -  Exi t  2 
cam - fs([Alwrist  1 
(Fixed Pos i t ion ,  v a r i a b l e  o r i e n t a t i o n  cameras) 
A 
= cons tant  
= f+(crew s t a t i o n  inpu t s ,  e v . .  1 < i < n . )  
m J 1  - - J 
Jca, = f,(crew s t a t i o n  inpu t s ,  e l < i < n . )  m,ii - - J (Fixed Cameras) 
cam = cons tant  
-+ 
'cam = cons tant  
-t 
Jcam = cons tant  a 
W 
b 
I I Camera Pos i t i on  w d
LI1 
-._- 
----up 
Orien ta t ion  
- .  . -. - - -- 
. 
~ 
-- -- 
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4.4 System Software C o n c e p t ~ a l  Desiqn 
4.4.1 Simulator  Contro l  Sof tware 
4.4.1.1 Data Recording 
The data reco rd ing  r o u t i n e s  w i l l  ou tpu t  i n t e r n a l  s i m u l a t i o n  data values 
i n  a format  usable by t h e  i n s t r u c t o r  f o r  t r a i n e e  eva lua t i on  and deb r ie f i ng .  There 
are  th ree  main data record ing  rou t i nes .  
4.4.1.1.1 X-T Recorders 
Th is  r o u t i n e  re formats  and resca les  i n t e r n a l  da ta  values i n t o  analog 
ou tpu t  s igna ls  usable by a standard X-T s t r i p  recorder .  The parameters processed 
by t h i s  r o u t i n e  w i l l  be se lec tab le  by a CRT page. 
4.4.1.1.2 X-Y Recorders 
This r o u t i n e  reformats and resca les  two i n t e r n a l  parameters and 
generates analog ou tpu t  s igna ls ,  a l l o w i n g  a standard X-Y  p l o t t e r  t o  p l o t  one 
parameter versus another.  The parameters processed by  t h i s  r o u t i n e  w i l l  be 
se lec tab le  by a CRT page. 
4.4.1 -1.3 Logging 
Th is  r o u t i n e  outputs, a t  a minimum 20/sec. r a t e ,  raw parameter values, 
along w i t h  header and f o r m a t t i n g  in fo rmat ion .  This  ou tpu t  w i l l  be p laced on 
magnetic tape i n  a form usable by an o f f - l i n e  r o u t i n e  which w i l l  produce hard copy 
l i s t i n g s  o f  the  parameters. The reco rd ing  r a t e  o f  the  parameters, as w e l l  as t h e  
i d e n t i f i c a t i o n  o f  t h e  parameters, w i l l  be s e l e c t a b l e  by a CRT page. 
DATA 
RECORDING 
1 
X-T X-Y 
RECORDERS LOGG I F!G RECORDERS 
414.1.2 Real-Time Input /Output  
OATE 6/23/73 
REV. 
The r e a l - t i m e  inpu t /ou tpu t  r o u t i n e s  are  respons ib le  f o r  t r a n s f e r r i n g  
data between t h e  s imu la to r  data pool and t h e  DCE mini-computers. A d d i t i o n a l l y ,  
THE SINGER COMPANY 
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the  RTIO w i l l  ma in ta in  the  data f l o w  t o  MCC, and output  the  te lemet ry  down l i n k  
PAGE NO. 4.4-3 
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data. Thus, the  RTIO aiay be viewed as con ta in ing  seven separate func t i ons .  
4.4.1.2.1 D i q i t a l  I n p u t  
Th is  r o u t i n e  w i l l  i n p u t  d i s c r e t e  da ta  b i t s  from swi tch- type devices. 
These i npu ts  w i l l  be accepted i n  an unpacked form from t h e  DCE mini-computer. 
4.4.1.2.2 Analog I n p u t  
Th i s  r o u t i n e  w i l l  i n p u t  data f rom analog devices. This  data w i l l  be 
converted t o  hos t  computer f l o a t i n g  p o i n t  fo rmat  by the  DCE mini-computer. 
4.4.1.2.3 MCC I n p u t  
When i n t e g r a t e d  w i t h  MCC, t h i s  r o u t i n e  rece ives  t h e  i n t e r f a c e  data, 
v e r i f i e s  correctness,  and presents t h e  data t o  t h e  s i m u l a t i o n  rou t i nes .  
4.4.1.2.4 D i g i t a l  Output + 
Th is  r o u t i n e  w i l l  ou tpu t  d i s c r e t e  da ta  b i t s  t o  lamp and readout-type 
devices i n  the  form o f  one b i t  per  computer word. The DCE mini-computer w i l l  
be respons ib le  f o r  packing the  data f o r  t h e  l inkage.  
4.4.1.2.5 Analog Output 
This  r o u t i n e  w i l l  ou tpu t  da ta  t o  be d isp layed on meter-type devices. 
This  data w i l l  be ou tput  i n  hos t  computer f l o a t i n g  p o i n t  fo rmat  t o  the  DCE m i n i -  
ccmputer which ~ $ 1 1  conver t  i t  t o  DCE acceptable format. 
4.4.1.2.6 MCC Output 
When i n t e g r a t e d  w i t h  MCC, t h i s  r o u t i n e  w i l l  c o l l e c t  da ta  from the  
s imu la t i on  rou t i nes ,  format  the  data,  p rov ide  check sums, and ouput t h e  i n t e r -  
face  data t o  MCC. 
REV. I 
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4.4.1.2.7 Telemetry O u t p u t  
When i n t e g r a t e d  w i t h  a  coniplex t h a t  requ i res  te lemet ry  data from 
SMS, t h i s  r o u t i n e  w i l l  c o l l e c t  the data from the  s imu la t i on  rou t i nes ,  format  i t ,  
and output  t h e  data t o  t h a t  complex. . 
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4.4.1.3 Synchronous S imula t ion  Program Processor(SSPP) 
Th is  package serves as the  f o c a l  p o i n t  f o r  t h e  execut ion  o f  t h e  
sof tware modules t h a t  must execute i n  a c y c l i c  manner. 
The bas i c  jump l i s t  management f unc t i ons  incorpora ted  i n  convent ional  
s imu la t i on  packages are  handled by t h i s  module. Thus, program sequencing and 
i t e r a t i o n  ra tes  a r e  a ma t te r  o f  p o s i t i o n  w i t h i n  t h e  jump l i s t .  
I n  a d d i t i o n  t o  the  module address, each element o f  the jump l i s t  w i l l  
con ta in  f l a g s  i n d i c a t i n g  f o r  which miss ion  phase t h e  module i s  requ i red .  I f  t h e  
module i s  n o t  requ i red  du r ing  t h e  c u r r e n t  miss ion  phase, i t  w i l l  n o t  be executed. 
. ~~ 
*> 
. . 
*: 
-  ~ 
THE SINGER CDMPANY 
S IMULAT ION PRODUCTS D I V I S I O N  
2 .( 
BINWAMTm. NEW YORU 
FIGURE 4.4.1.3-1 l-----l 
, FRAME 1 I JUMPL IST 
1 
20/sec. Program A 
20/sec. Program B 
lO/sec. Program A 
5/sec. Program A 
5/sec. Program B 
2.5/sec. Program A 
2.5/sec. .Program B 
FRAME 2 JUMP1 TYT 
20/sec. Program A 
20/sec. Program B 
lO/sec. Program B 
5/sec. Program C 
5/sec. Program D 
2.5/sec.' Program C 
. 
20/sec. Program A 
20/sec. Program B 
Proqram B 
Program X 
Program Y 
Program E 
I The master t i m i n g  r o u t i n e  i s  r e s p o i n s i b l e  f o r  ma in ta in ing  t h e  c o r r e c t  
DATE 6/23/73 
REV. 
/ t ime references f o r  t h e  s imu la tor .  Th i s  inc ludes  maintenance o f  s imulated I Greenwich Mean Time, s imulated Miss ion  Elapsed Time, s i rnu la t ion  c locks ,  event 
f 
THE SINGER COMPANY 
SIMULATION PRODUCTS D I V I S I O N  
4 J 
BINCHAMTON. NEW YORK / 
t imers,  and any spec ia l  t ime words ( f o r  syncing w i t h  MCC, DCS, TM, etc.) .  
Output data compatible w i t h  any computer d r i v e n  t ime d i sp lays  w i l l  be 
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I generated by master t im ing .  
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4.4.1.5 Master Control 
The master control program will  provide the instructor-operators w i t h  
DATE 6/23/73 
R E V .  
the capabi l i ty  of controll ing the simulation exercise.  This program will  respond 
t o  switch inputs actuated by the instructor-operators and will  provide feedback 
so tha t  the  simulator mode will  always be displayed t o  the inst ructors .  
The following simulator modes will  be provided f o r  in the master 
control program. 
4.4.1.5.1 OPERATE 
This i s  the "normal" o r  operational mode of the simulator. When i n  
"OPERATE," a l l  real-time software i s  executed and a l l  time constants or integra- 
t ion del ta  times are  s e t  a t  t he i r  real-time values. 
4.4.1.5.2 FREEZE 
This i s  the "stop action" mode in which a l l  real-time software i s  
executed, b u t  a l l  integration de l ta  times a r e  s e t  t o  zero. In t h i s  manner, a l l  
logic  equations and a l l  computations not affected by time a re  executed, b u t  the 
s imulator ' s  problem i s  "frozen" in time. 
4.4.1.5.3 RESET 
-
This mode provides a means of i n i t i a l i z i n g  a l l  r e se t  parameters i n  
the simulator. The i n i t i a l i z a t i o n  data will  be read in to  core memory upon request 
from the inst ructor .  The inst ructor  wil l  use the CRT keyboard t o  specify the 
THE S I N G E R  COMPANY 
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r e se t  point number. 
4.4.1.5.4 WRITE RESET 
This mode will  cause "a snapshot" of i n i t i a l i z a t i o n  data and th i s  
information will be writ ten on mass storage.' The r e se t  point i den t i f i e r  and the 
i n i t i a l i z a t i o n  data will be writ ten on mass storage when the instructor-operator 
PAGE NO.  4.4-10 
- 
REP.  NO.  
requests t h i s  function via a CRT page. This function will be operational in 
the "OPERATE" or  "FREEZE" mode. 
DATE 6/23/73 
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4.4.1.5.5 SAFE STORE 
This mode (when enabled) will  provide a means of automatically 
I generating a s e t  of i n i t i a l i z a t i o n  points on a time basis.  One i n i t i a l i z a t i o n  I I 
T H E  S I N G E R  COMPANY 
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point will  be generated every ten minutes i n  t h i s  mode. A CRT displayable record 
identifying each point will  be saved as each point i s  transferred from core t o  
PAGE NO. 4.4-11 
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I mass storage. This record wil l  provide the inst ructor  with a means of identify- i 
ing a par t icular  "SAFE STORE" point and returning t o  i t  via the "RESET" function. 
4.4.1.5.6 STEP-AHEAD 
This mode will  provide a means of accelerating the simulation through 
I periods of t ra inee inac t iv i ty  i n  f a s t e r  than real-time. The vehicle will  remain 1 
I in an i n e r t i a l  hold mode and simply t r ans l a t e  through time a t  a minimum of ten 1 I 
times real-time. This mode will  be activated by entering the de l ta  time 
necessary t o  reach desired mission t i m ~  via the CRT keyboard. When the desired 
time has been reached, the simulator wil l  automatically switch from the "STEP- I 
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FIGURE 4.4.1.5-1 
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4.4.1.6 Pecord Playback 
This system w i l l ,  when not disabled by the ins t ruc tor ,  continually 
record trainee ac t iv i tv .  This recordinn sha l l  include a t  l e a s t  the l a s t  ten 
minutes of ac t iv i ty  oerformed by the trainee.  
The record playback s y s t r ~  wi l l  record, on disk storaoe,  selected 
R E V .  A 12/21/73 
inputs, outputs, and internal simulation parameters. This data ,  when input 
t o  the simulation orograms, wil l  cause the t r a ine r  and IOS instruments, 
readouts, indicators,  motion base, and visual t o  renroduce t h e i r  ac t iv i ty  
BINCHM(TW. NEW YORK 0 ,  I R E P .  N O .  
as i t  occurred during the oeriod of recordina. 
There are four wrincipal e l e w n t s  to  t h i s  system. 
I 
4.4.1.6.1 Exercise Recorder 
This routine allows internal  simulation data values t o  be recorded 
on mass storage. The parameters to  be recorded wil l  be those t h a t  allow student I 
a c t i v i t i e s  t o  be f a i t h fu l ly  reproduced. This routine will  a lso contain control I 
loqic  t o  monitor the recording, suwply indications re la t ing to  recordina time 1 
I 
remaining, e tc .  i 
4.4.1.6.2 Exercise Playback 1 
This routine causes the data recorded by the exercise recorder routine t I 
t o  be reinserted in to  the simulation data pool. This routine wil l  contain I 
1 I control logic  to  monitor the playback and, when the playback i s  comnlete, insure i 
t h a t  a l l  primary controls are i n  a posit ion t o  allow a safe  f lyout  from th i s  
point. 
I I Durinq recordinq, this routine qathers the s inulat ion data values to  f 
I 
be recorded and packs them in to  an output buffer. Booleans are oacked in to  whole 
.* 
words for  maximum recordino density. Durins nlayback, the recorded values are I 
unwacked and restored to  t h e i r  Droner location in  the data wool. 
I REV. A 12/21/73 BINGHMCN. NEW YORK , ,, I REF. NO. 
DATE 6/23/73 
4.4.1.6.4 Input/Outout 
This routine handles a l l  1/0 t o  the mass storaqe d e v i c e ( ~ )  used t o  
contain the  recorded data. This routine wil l  a l so  form check sums t o  insure the 
inteqr i  ty of data transferred.  
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"CRT PAGES" i s  the  gener ic  name f o r  a l l  sof tware processed 
by the CRT o f f - l i n e  processor t h a t  w i l l  be executed du r ing  the r e a l - t i m e  
s imu la t i on .  Although the re  can be many d i f f e r e n t  types o f  CRT pages 
a v a i l a b l e  i n  rea l - t ime ,  i t  i s  f e l t  t h a t  these pages w i l l  f a l l  i n t o  
seven general c lasses: 
4.4.1.7.1 Panel Pages 
These d i sp lays  represent  phys ica l  crew s t a t i o n  panels; 
I THE SINGER COMPANY SIMULATION PRODUCTS D l V l S l O N  , . BINffiMm. NEW YORK . , 
switches, l i g h t s ,  readouts and meter ou tpu ts  on t h e  crew s t a t i o n  panel 
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a r e  repeated on panel pages. 
4.4.1.7.2 Ma l func t i on  Pages 
These pages a r e  used t o  i n t roduce  mal func t ions  i n t o  the  
s i m u l a t i o n  problem. A d d i t i o n a l l y ,  the  pages b u i l d  i n t e r n a l  t ab les  which 
a1 low a mal func t ion  page t o  "remember" what mal func t ions  a r e  i n  t h e  
sirnul a t i o n  problem. 
'. 
4,.4.1.7.3 3 e c i a l  Purpose Pages 
These pages p rov ide  "one o f  a  k ind "  d isp lays .  Examples o f  t h i s  
type o f  page would i nc lude  the  event t ime mon i to r  (which moni tors crew s t a t i o n  
sw i t ch  and analog i npu ts  and w i l l  d i s p l a y  t o  the  i n s t r u c t o r  the occurrence o f  
any crew a c t i v i t y ) ,  and the  t r i p p e d  c i r c u i t  breaker  page. 
4.4.1.7.4 Ut i1 i t . y  Pages 
These pages serve as a  communications media between the  
i n s t r u c t o r  and the  p r i n c i p a l  c o n t r o l  and d i s p l a y  rou t i nes  i n  the  s imu la tor .  
Funct ions such as rese t ,  step-ahead, w r i t e - r e s e t  a r e  c o n t r o l l e d  by 
u t i l i t y  pages. The parameters moni tored by t h e  X-T, X-Y, and l ogg ing  
rou t i nes  may be changed by u t i l i t y  pages. 
DATE 6/23/73 
REV. 
4.4.1.7.5 Engineering Support Pages 
The eng ineer ing  suppor t  pages c o n s t i t u t e  perhaps the  l a r g e s t  
group o f  pages. These pages a r e  useful  i n  per forming a d e t a i l e d  ana lys is  
o f  a s imulated system. Depending upon hoiv they a r e  progranuned, elements 
from each o f  t h e  above classes o f  pages may be i nc luded  i n  a support  page. 
4.4.1.7.6 External  I n t e r f a c e  Pages 
These pages d i s p l a y  t h e  i n t e r f a c e  data streams between 
the  "Spacecraf t "  and t h e  "Ground". The te lemet ry  downl ink and DCS 
u p l i n k  data streams w i l l  be d i sp layab le  by these pages. Any a d d i t i o n a l  
data streams t h a t  may be unique t o  an i n t e g r a t e d  s imu la t i on  w i l l  a l so  
be d i sp layab le  by t h i s  type o f  page. 
4.4.1.7.7 Crew S t a t i o n  Setup and V e r i f i c a t i o n  (CSSUV) Pages 
These pages p rov ide  f o r  r a p i d  checkout and v e r i f i c a t i o n  o f  
crew s t a t i o n  cont ro ls .  Each CSSUV page w i l l  i nspec t  a sec t i on  o f  t h e  
crew s t a t i o n  and compare those con t ro l s  aga ins t  a p re-def ined 'DESIRED' 
value, i n d i c a t i n g  t o  the  i n s t r u c t o r  which c o n t r o l s  a re  n o t  p h y s i c a l l y  
i n  t h e  des i red  p o s i t i o n .  When t h e  c o n t r o l s  a r e  s e t  i n  accordance w i t h  
t h e  des i red  p o s i t i o n s ,  t h e  CSSUV page w i l l  'MOVE ON' t o  t h e  nex t  page i n  
sequence. 
'" - 
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44.1.8 CRT I n t e r a c t i v e  Processor 
The CRT i n t e r a c t i v e  processor supports two pr ime func t ions :  
execut ion  o f  CRT page programs and CRT keyboard en t ry .  Each f u n c t i o n  i s  
de l i nea ted  below: 
4.4.1.8.1 C y c l i c  Routines 
These rou t i nes  d i r e c t l y  support  the  CRT page programs, 
thus  they execute i n  a  c y c l i c  fashion.  The pr ime rou t i nes  o f  i n t e r e s t  
a r e  : 
4.4.1.8.2 L i n e  Processor 
Th is  r o u t i n e  i s  respons ib le  f o r  maintenance o f  t h e  t o p  
l i n e  d i s p l a y  on a l l  CRT's. Th is  maintenance w i l l  i nc lude  updat ing o f  
miss ion  t imes, ground s t a t i o n  contact ,  e tc .  
4.4.1.8.3 Page Execut ive 
The CRT page programs are  executed under c o n t r o l  o f  t h i s  
rou t i ne .  The page execut ive  a l s o  performs t h e  f i n a l  l i n k a g e  between 
t h e  r e l o c a t a b l e  CRT page and t h e  comlnon data pool .  
4.4.1.8.4 Look and Enter  
T h i s  r o u t i n e  w i l l  ma in ta in  c o r r e c t  value d i sp lays  on any screen 
which has an a c t i v e  l o o k  and e n t e r  request.  
4.4.1.8.5 Conversion Routines 
These rou t i nes  conver t  t h e  computer b i n a r y  data t o  a  form 
d i sp layab le  on the  CRT screen. Poss ib le  types o f  convers ion w i l l  i n c l u d e  
hexadecimal, o c t a l ,  f l o a t i n g  p o i n t ,  i n t e g e r ,  and b inary .  
4.4.1.8.6 Output Routines 
These r o u t i n e s  cause the  CRT d i s p l a y  t o  be t r a n s f e r r e d  
t o  the  CRT hardware. 
FIGURE 4.4.1.0-1 
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4.4.1.8.7 Special Purpose Routines 
These routines in te r face  with the  CRT pages described i n  
4.4.1.7.3, and provide the very specialized functions required t o  supnort 
those pages. The routines involved in  t h i s  area will include an event time 
monitor processor, a tripped c i r c u i t  breaker processor, and a c i r c u i t  breaker 
malfunction processor fo r  use by the panel pages. 
4.4.1.8.8 Keyboard Support 
These routines respond to  CRT keyboard input and perform the 
required actions t o  complete the request. Examples of these routines 
will include: 
4:4.1.8.8.1 Page Select  
This routine will search a catalog of avai lable  CRT pages 
and load the  selected page i f  found. 
4.4.1.8.8.2 Line Select  
This routine will  scan tables  b u i l t  by the  CRT o f f - l ine  
processor and will build a scratch pad l i n e  entry  f o r  a l l  defined i n p u t  
fieilds. 
4.4.1.8.8.3 Look and Enter 
This routine allows the  ins t ruc tor  t o  view and/or modify any 
data pool parameter, by name, independent of any CRT page displayed on the  
CRT screen. 
4.4.1.8.8.4 Data Conversion Routines 
These routines accept as i n p u t  CRT keyboard characters and 
convert them i n t o  computer binary numbers. The conversion types will 
include hexadecimal, oc t a l ,  in teger ,  Boo1 ean, and f loa t ing  point data. 
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4.4.1.9.1.4 Asynchronous Event Synchronizat ion 
The processing o f  an as,ynchronous event can be performed 
I 
synchronously, (i .e., i n p u t  elements can be accumulated a t  random i n t e r v a l s  
. ~ ' . , . 
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4.4.1.9 S imula t ion  Software s t r u c t u r e  
The f o u r  rep resen ta t i ve  mainframe con f i gu ra t i ons  are  presented i n  
s e c t i o n  3.2.5.3 o f  t h i s  document. Th is  s e c t i o n  w i l l  descr ibe  f o u r  sof tware 
s t ruc tu res ,  one per  c o n f i g u r a t i o n ,  t h a t  may be used t o  per form t h e  requ i red  
s i m u l a t i o n  task .  
4.4.1.9.1 - General Desiqn Reoui rements 
I n  o r d e r  t o  a r r i v e  a t  any s i m u l a t i o n  so f tware  s t r u c t u r e ,  there  
are  several  general requirements t h a t  must he made. Th is  s e c t i o n  w i l l  
de l i nea te  the major requirements a p p l i c a b l e  t o  a1 1  t h e  s i m u l a t i o n  so f tware  
: s t ruc tu res .  
4.4.1.9.1.1 Proaramminq Lanquaqe 
The m a j o r i t y  o f  the  s i m u l a t i o n  so f tware  v r i l l  he programed 
i n  FORTRAN, o r  a  h ighe r  l e v e l  language. The so f tware  t h a t  cannot be 
programmed i n  a  h igh  l e v e l  language due t o  the  na ture  o f  the  func t i ons  t o  
be performed w i l l  he orogramed i n  the  assembly language o f  the  comouter. 
4.4.1.9.1.2 The Operat ino System 
The Operat ing System w i l l  p rov ide  a  hosp i tab le  environment 
f o r  t h e  requ i red  r e a l - t i m e  s i m u l a t i o n  so f tware  and can prov ide  a l l  r e q u i r e d  
serv ices .  These serv ices  w i l l  be de l i nea ted  elsewhere i n  t h i s  r e p o r t .  
4.4.1.9.1.3 I t e r a t i o n  Rates 
Each d i s c r e t e  module o f  the  s i m u l a t i o n  sof tware w i l l  r e q u i r e  
i t e r a t i o n  ( r e c u r r e n t  execut ion)  a t  one o f  t h e  f o l l o w i n g  ra tes :  20, 10, 5, 
2, o r  1  t imes per  second. 
, 
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(asynchronously) and, a t  some po in t ,  orocessing f o r  t h e  t o t a l  i npu t  groun 
can be i n i t i a t e d  and synchronized with o t h e r  c y c l i c  a c t i v i t i e s .  
4 .4.1.9.1.5 Input/Dutput_ 
A r eques t  f o r  I/O does not cause the reques t ing  a c t i v i t y  
t o  r e l inqu i sh  e i t h e r  execution cont ro l  o r  computer resources u n t i l  t h e  110 
i s  complete. 
4.4.1.9.1.6 Proaramninq Considerat ions 
The OS environment and s e r v i c e s  provided f o r  rea l - t ime mode w i l l  
be such t h a t  the  s imula t ion  programmer can d e d i c a t e  himself t o  t h e  ac tua l  
s imula t ion  problem and be r e l i eved  of  r e c r e a t i n g  o r  dup l i ca t ing  OS funct ions  
wherever possible .  
4.4.1.9.1.7 S t r u c t u r e  C o n c e ~ t s  
Since the  S h u t t l e  Hission Simulator  sof tware ,  l i k e  any o t h e r  
rea l - t ime f l i g h t  s imula to r ,  i s  b a s i c a l l y  a synchronous e n t i t y ,  a s t r u c t u r e  
must be developed t h a t  w i l l  i n su re  t h a t  t h i s  func t iona l  format i s  maintained. 
Such a s t r u c t u r e  i m ~ l i e s  a c a p a b i l i t y  f o r  independently proqramminq 
s e p a r a t e  modules and l a t e r  c o l l e c t i n g  them i n t o  a s i n g l e  e n t i t y  f o r  execution.  
I t  a l s o  suggests  a c a p a b i l i t y  f o r  global  ex te rna l  naming ( l a b e l i n g )  i n  hoth 
t h e  High Level and Assembler elements s o  t h a t  proper  inter-module communication 
can be e s t ab l i shed .  
4.4.1.9.1.8 Data Pool Concepts 
The named da ta  values requi red  by t h e  s imula t ion  software w i l l  
f a l l  i n t o  two major c l a s s e s :  
a In t e rna l  I 
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In t e rna l  da t a  values e x i s t  w i t h i n  an indiv idual  program and a r e  
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used only by t h a t  program. External data values a re  shared between several I 
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programs. 
All external data  should be collected i n to  one area f ree ly  
accessible by a l l  software modules. Since a high level language will  be 
the  basic progravming language, a named comon fea ture  can be used. These 
named common areas can be organized by simulated system, data type, data 
function,  or  by any other method t h a t  i s  convenient. 
Since there e x i s t  named data value interdependencies between 
program modules, nonsequential access t o  the  data pool i s  required. 
1 B I N M M C N .  NEW YORK R E P .  NO. 
I 
DATE 6/23/73 
REV. 
4.4.1.9.2 - Siniu lat ion Software S t ruc tu re  i n  the  Univac Con f igu ra t i on  
The Univac 1110 c o n f i g u r a t i o n  cons i s t s  o f  f o u r  CAU's shar ing  
262K pr imary storage and 262K extended storage p e r  crew s t a t i o n ,  and 2 CAU's 
shar ing 262K pr imary storage and 131K extended storage.  
4.4.1.9.2.1 General Requirements -
The f o l l o w i n g  requirements app ly  d i r e c t l y  t o  the  s t r u c t u r e  
d e f i n i t i o n :  
4.4.1.9.2.1.1 CAU Execut ion Rate 
, Each CAU i s  capable o f  execut ing a t  l e a s t  1.5 m i l l i o n  
- 
i n s t r u c t i o n s  per  second. This r a t e  w i l l  i n c l u d e  a l l  memory c o n f l i c t s .  
4.4.1.9.2.1.2 Program/CAU Dependency ~ . .  . .~ . 
A d i r e c t  r e l a t i o n s h i p  can e x i s t  between a p a r t i c u l a r  program 
and a p a r t i c u l a r  CAU. 
4.4.1.9.2.1.3 Operat ing Systems 
The opera t ing  systeni w i l l  be EXEC 8, o r  an upward compat ib le 
. .  . 
system. 
- .  
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4.4.1.9.2.1.4 - Execution from Extended Storaqe 
A CAU cannot execute l e s s  than 0.6 MIP when t h e  i n s t r u c t i o n  
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stream comes completely from extended s t o r a g e .  
4 .4 .1 .9 .2 .1 .5  Pa ra l l e l i sm 
Large por t ions  of t h e  s i n u l a t i o n  s o f t \ > ~ a r e  can be executed 
i n  para1 l e l .  
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4.4.1.9.2.1.6 S e r i a l  Execution - 
When t h e  s imula t ion  sof tware  must be executed i n  a s e r i a l  
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mode, t h a t  sof tware  w i l l  be executed i n  one, and only one, CAU. The 
computational demand does not  exceed t h e  l i i n i t  of 4.4.1.9.2.1.1 o r  4.4.1.9.2.1.4 
above. 
4.4.1.9.2.1.7 External I n t e r r u p t s  
Upon t h e  occurrance of an ex te rna l  i n t e r r u p t ,  t h e  opera t ing  
system w i l l  pass  cont ro l  t o  one unique en t ry  po in t  i n  t h e  s imula t ion  sof tware  
package. 
-3 
4.4.1.9.2.1.8 Operating System S i z e  
The opera t ing  system w i l l  occupy t h e  f i r s t  30K words of  
primary s to rage .  
4.4.1.9.2.2 S t r u c t u r e  
4.4.1.9.2.2.1 Basic S t r u c t u r e  
The bas ic  sof tware  s t r u c t u r e  f o r  t h e  4 CAU system i s  i l l u s t r a t e d  
i n  Figure 4.4.1.9.2-1. A co re  memory map i s  shown i n  Figure 4.4.1.9.2-2. As 
can be seen ,  t h i s  approach has no over lay  segments. The r a t i o n a l e  f o r  t h i s  
i s  as  fo l lows:  
With t h e  present  f ixed  base core  loading,  and a ~naximuni 
.. 
t r a n s f e r  r a t e  of 240K words/sec from t h e  drum, no s i g n i f i c a n t  reduct ion  i n  
t h e  t o t a l  core loading could be made. 
DATE 6/23/73 7 1  THE SINGER COMPANY S I M U L A T I O N  PRODUCTS D I V I S I O N  
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dedicated use of two high speed drum memories. 
4.3.1.9.2.2.2 -List itianage~~~ent 
4.4.1.7.2.2.2.1 Four CAU Jump L i s t  
The s i ~ u l a t i o n  software will be organized in to  four separate 
jump l i s t s :  A ,  8, C ,  and D. The occurrance of a propram ca l l  in  any par t icu la r  
j u m p  l i s t  will be a function of four constra ints :  
r The e f f ec t  of parallel ism upon the module. 
REP. NO. 
The requirement f o r  s e r i a l  execution. 
Program i t e r a t i on  ra te .  
I 
c Mission phases f o r  which execution i s  required. 
I t  i s  invisioned tha t  the P ,  B, and C j u m p  l i s t s  will  contain 
a l l  20, 10 and 5/sec modules t h a t  execute i n  a l l ,  o r  almost a l l ,  mission 
phases, Low ra t e  programs t h a t  must meet s e r i a l  d~pendencies w i t h  these 
modules will be executed from the proper jump l i s t .  Inspection of the 
memory map shows t h a t ,  where possible, a l l  modules f o r  the  " A "  jumo l i s t  are 
grouped together, the "B" j ump  l i s t  modules a r e  together,  as a r e  the "C" 
modules. Grouping t h i s  vray will  confine most memory contention t o  the data  
pool and subroutine area .  
The "D" j u m ~  l i s t  wi l l  consis t  of modules with low i t e r a t i o n  
r a t e s ,  o r  those which a re  only executed in one or  two phases, (e .g . ,  APES). 
This will allow programs in  extended s toraac t o  be executed by one CAII .  Thus 
the hiph overhead of execution from extended s to rase  i s  i sola ted in  one 
CAU,  which allows ea s i e r  control o f  the loading. 
Extended storage will  a lso  contain the large,  low access 
I t ab les ,  (e.g. ,  R A D I O  ALT. bNP) which have limited use during the simulation 
session. High access t ah les ,  (e .g . ,  AEPO PATP), will  remain in  ~r i rnary 
- 
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4.4.1.9.3 S imula t ion  Software S t r u c t u r e  i n  Xerox Siqma 9 
The Xerox Sigma 9 complex conta ins  two con f i gu ra t i ons :  Four 
Sigma 9 ' s  w i t h  448K words of memory, and f i v e  Sigma 9 ' s  w i t h  512K words 
o f  memory. 
4.4.1.9.3.1 General Requirements 
The f o l l o w i n p  reauirements were made d u r i n g  the  s t r u c t u r e  
d e f i n i t i o n :  
4.4.1.9.3.1.1 CPU Execut ion Rate 
That each Sigma 9 i s  canable o f  execut ing  0.8 m i l l i o n  
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i n s t r u c t i o n s  p e r  second. 
4.4.1.9.3.1.2 Pemory A v a i l a b l e  t o  Each CPU 
That a l l  CPU's are  capable o f  accessino a l l  core memory w i t h i n  
the  con f i gu ra t i on .  
4.4.1.9.3.1.3 Memory Ava i l ab le  t o  1/0 S.ystem 
That  a p a r t  of the 1/0 system, under c o n t r o l  of one CPU, 
can access a l l  core memory w i t h i n  the con f i gu ra t i on .  
4.4.1.9.3.1.4 Backqround Processinq 
That  the c o n f i g u r a t i o n  has no requirement f o r  background 
processing concurrent  w i t h  s imu la t i on .  
4.4.1.9.3.1.5 Operat inq System 
That t h e  s imu la t i on  sof tware s t r u c t u r e  w i l l  execute under 
d i r e c t  c o n t r o l  o f  a standard vendor-suppl ied r e a l - t i m e  ope ra t i ng  
system (e.g., CP-V). That the  onera t ing  system i s  cognizant  o f  t h e  f a c t  
t h a t  there  are m u l t i p l e  CPU's i n  the c o n f i g u r a t i o n .  
4.4.1.9.3.1.6 External  I n t e r r u p t s  -. 
That upon the occurrence o f  an e x t ~ r n a l  i n t e r r u ~ t ,  t h e  
ope ra t i ng  system w i l l  pass c o n t r o l  t o  a unique p o i n t  i n  the  s i m u l a t i o n  packaqe. 
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4.4.1.9.3.1.7 P a r a l l e l i s m  
That l a r g e  p o r t i o n s  o f  the s i m u l a t i o n  so f tware  can he 
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1 executed i n  para1 1 e l  . 
/ 4.4.1.9.3.1.8 S e r i a l  Execut ion 
I 
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'Jhen the s imu la t i on  s o f t v a r e  must be executed i n  a s e r i a l  
mode, t h a t  sof tware w i l l  be executed i n  one, and o n l y  one, CPU. The 
REP.  NO. 
computational demand does n o t  exceed the  l i m i t  o f  4.4.1.9.3.1.1 above. I 
4.4.1.9.3.2 S imula t ion  Soft\*iare S t ruc tu re  
- 4.4.1.9.3.2.1 Basic S t r u c t u r e  
The has i c  s t r u c t u r e  f o r  the f i v e  CPU c o n f i g u r a t i o n  i s  shown i n  
F igu re  4.4.1.9.3.-1. I t  w i l l  be obvious t h a t  the  same s t r u c t u r e  can be used 
I 
I i n  t h e  f o u r  CPU c o n f i g u r a t i o n .  A core  memory map i s  shown i n  F igure  4.4.1.9.3-2 1 
As can be seen, t h i s  approach has no ove r lay  segments. The 
bas i c  r a t i o n a l e  f o r  t h i s  dec i s ion  i s  as f o l l o w s :  
Due t o  the number o f  CPU's, the  s i z e  o f  any   articular ove r lay  
segment would n o t  j u s t i f y  the  number o f  high-speed mass storage devices t h a t  
would have t o  be dedicated t o  each CPU. 
1 4.4.1.9.3.2.2 Jumn L i s t  Elanaqement 
The s i m u l a t i o n  so f tware  w i l l  be organized i n t o  f i v e  separate 
jump l i s t s :  A, B, C, D, and E. The occurrence o f  a program c a l l  i n  any 
p a r t i c u l a r  jump l i s t  w i l l  be a f u n c t i o n  o f  f o u r  c o n s t r a i n t s :  
n The e f f e c t  o f  p a r a l l e l i s m  upon the  module. 
I I r The requirement f o r  s e r i a l  execut ion.  i I r Program i t e r a t i o n  r a t e .  ' I 
a P i s s i o n  phases f o r  which execut ion  i s  requ i red .  
- 
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I t  i s  ant ic ipated t h a t  the to ta l  execution demands will  be 
spread evenly across a l l  CPU's. 
Inspection of the memory map shows t h a t ,  where oossible,  the 
prouram load f o r  each CPU wi l l  be contained i n  separate areas of memory. 
This will  confine most memory con f l i c t  t o  the  data pool and subroutine areas.  
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3.4.1.9.4 Simulaticn Software S t r u c t u r e  i n  t h e  IBM -- Configurat ion 
The 1614 conlplex con ta ins  one MP168 with 4 M bytes shared nlenlory. 
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I 4.4.1.9.4.1 General Requirements 
i The fol lowing requirements were made wCich apply d i r e c t l y  t o  t h e  I s t r u c t u r e  d e f i n i t i o n :  I 
I 
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4.4.1.9.4.1.1 CPU Execution Rate 
Each CPU i s  capable of  executino a t  l e a s t  4.0 mil l ion  
REP. NO. 
I i n s t r u c t i o n s  pe r  second. I 4.4.1.9.4.1.2 Proqram/CPU Dependency I That a  d i r e c t  r e l a t i o n s h i p  can e x i s t  between a p a r t i c u l a r  I program and a p a r t i c u l a r  CPIJ. I 
4.4.1.9.4.1.3 Ooerat ins  System 
That the  ope ra t ing  system w i l l  be VSI2.2 o r  an upward 
1 compatible system. I 
mode, t h a t  software w i l l  be executed i n  one, and only  one, CPU. The 
computational demand does not  exceed the  l i m i t  of 4.4.1.9.4.1.1 above. 
-, 
4.4.1.9.4.1.4 Pa ra l l e l i sm 
Large po r t ions  o f  t h e  s imula t ion  software can be executed i n  
p a r a l l e l .  
4.4.1.9.4.1.5 S e r i a l  Execution 
When the  s imula t ion  sof tware  must be executed i n  a  s e r i a l  
I 
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4'4.1.9.4.1.6 External  I n t e r r u p t s  
Upon the occurrance o f  an ex te rna l  i n t e r r u p t ,  the  ope ra t i ng  
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system w i l l  pass c o n t r o l  t o  one unique e n t r y  p o i n t  i n  the s i m u l a t i o n  so f tware  I 
package. 
4.4.1.9.4.2 S t ruc tu re  
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4.4.7.9.4.2.1 Basic S t ruc tu re  
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The s t r u c t u r e  does n o t  u t i l i z e  ove r lay  segments. 
The r a t i o n a l e  f o r  t h i s  i s  as fo l lows:  
r To implement a  simole ove r lay  s t r u c t u r e  w i l l  r e q u i r e  
dedicated use o f  one o r  more h i g h  speed drum memories per  complex. 
The s t r u c t u r e  i s  i l l u s t r a t e d  i n  F igure  4.4.1.9.4-1. A  
core memory map i s  shown i n  F igure  4.4.1.9.4-2. This  s t r u c t u r e  w i l l  be 
u t i l i z e d  by bo th  MBCS and FBCS s imu la t i on  loads.  
The f i g u r e  i l l u s t r a t e s  t h a t  a l l  s imu la to r  c o n t r o l  f unc t i ons  
are performed i n  the  "A"  computer. The 'sync c o n t r o l  ' module i n h i b i t s  SSPP 
execut ion u n t i  1  n o t i f i e d  by master c o n t r o l  t h a t  para1 l e l  execut ion may 
proceed. A f t e r  the "B" SSPP has completed execut ion  o f  a  frame, t h e  sync 
c o n t r o l  module causes the s i m u l a t i o n  programs i n  t h e  "B" computer t o  re -en te r  
the  w a i t  s t a t e  u n t i l  again posted by master c o n t r o l .  
4.4.1.9.4.2.2 Jump L i s t  Management 
The s i m u l a t i o n  so f tware  w i l l  be organized i n t o  two separate 
jump l i s t s ,  A and B. The occurrance o f  a  program c a l l  i n  e i t h e r  jump l i s t  
w i l l  be a  f u n c t i o n  o f  f o u r  c o n s t r a i n t s :  
I 
6 The e f f e c t  of  p a r a l i e l i s m  unon the  module. 
The requirements f o r  s e r i a l  execut ion.  . 
I 
I 
I 
OATE 6/23/73 
r Prograin i t e r a t i on  ra tes .  
r Mission phases fo r  which execution i s  required. 
REV. 
The "0" jump l i s t  will e x i s t  as a  daughter task t o  the "A"  I 
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jump l i s t ,  eliminating memory protect  conf l ic t s .  The two jump l i s t s  will  be I 
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4.4.1.9.5 Simulation Software Structure in the Control Data Confiquration 
The Control Data Configuration corisists of one 7600 CPU, 65K words 
SCM, 512K words LCM. 
REV. 
4.4.1.9.5.1 General Requi rements 
The following requirements were made which apply d i rec t ly  to  the 
BINGHIV8TON. NEW YOHK REP. NO. 
s t ruc ture  def ini t ion:  I 
4.4.1.9.5.1.1 CPU Execution Rate 
The 7600 CPU i s  capable of executing 15.0 million inst ruct ions  
per second. This r a t e  will  be degraded t o  12.0 mill ion inst ruct ions  per I 
I 
second by block t ransfers  to/from SCM/LCM. I 
4.4.1.9.5.1.2 Operatinq System 
The operating system wil l  be Scope 2 ,  o r  an upward compatit.le I 
system. I 
4.4.1.9.5.1.3 External Interrupts I 
Upon the occurrance of an external in te r rup t ,  the operating I 
system will pass control t o  one unique entry point i n  the simulation software I 
package. 
4.4.1.9.5.1.4 Operatinq System S i t e  5 
The operating system will  reauire the f i r s t  8K of SCM, and the 
f i r s t  65K of LCM. 
4.4.1.9.5.2 Structure 
4.4.i.9.5.2.1 Basic Structure 
The basic software s t ruc ture  consis ts  of multiple overlay 
I 
i 
I 
segments rol led into  SCM from LCM, using the block t r ans fe r  ins t ruct ion.  The I 
s t a t i o n ;  hence the  s t r u c t u r e  de f ined w i l l  be f o r  Crew S t a t i o n  " X " .  A d u n l i c a t e  
s t r u c t u r e  w i l l  be requ i red  f o r  Crew S t a t i o n  " Y " .  
A core memory map i s  shown i n  F igure  4.4.1 -9.5-1. As can be 
seen from the f i g u r e ,  the programs are  grouped i n  one area o f  LCP; the "program 
commons" (data needed by on l y  one program) are  i n  another area; and t h e  
"g loba l  common" (da ta  needed by  two o r  more programs) i s  i n  a t h i r d  area. 
(A program, P I ,  has program common C1; Program P2 has program common C2, e t c .  
Program P2 does n o t  need any data f rom any "C" except  C2). 
4.4.1.9.5.2.1.1 SCM U t i l i z a t i o n  
The s i m u l a t i o n  sof tware w i l l  v iew SCM as i f  i t  has the  format 
dep ic ted  i n  F igure  4.4.1.9.5-2. 
Due t o  the  computer a r c h i t e c t u r e ,  t h e  CPU executes a t  i t s  
f a s t e s t  r a t e  when bo th  programs and data r e s i d e  i n  SCM. It i s  t h e  f u n c t i o n  
o f  t h e  "jump l i s t  sequencer and memory management" (JSFIM) r o u t i n e  t o  move 
programs and t h e i r  comon area i n t o  SCM, execute the nrogram, then move the  
program common back t o  LCM u n t i l  needed again by  the  program. 
4.4.1.9.5.2.1.2 LCM U t i l i z a t i o n  
LCM i s  used as a high-speed mass storage device. AS noted 
above, the  s imu la t i on  programs, program comon and g loba l  common r e s i d e  i n  
LCM and are  r o l l e d  i n  from LCM t o  SCM p r i o r  t o  execut ion. A f t e r  the  program 
has executed, i t s  program common i s  r o l l e d  back o u t  t o  LC!. When a l l  programs 
i n  a frame have executed, the  g loba l  common i s  r o l l e d  o u t  t o  LCII. 
q .4.1.9.5.2.1.3 Typ ica l  Frame Execut ion 
For i l l u s t r a t i v e  vurposes, l e t  us assume t h a t  a computat ional 
frame conta ins two programs, "21" and "P2", which have program commons "C1" 
and "C2"; the g loba l  common used i s  "GC". 
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The f o l l o w i n g  events w i l l  occur  d u r i n g  the frame execut ion:  
r Occurrance of an ex te rna l  i n t e r r u n t  (e.g.,  50 ms pulse)  
w i l l  cause t h e  opera t ing  system t o  l oad  SCM w i t h  the  JSMM. 
r The JSRM w i l l  move g loba l  common "GC" i n t o  SCM. 
r JSRM w i l l  move program common " C l "  i n t o  the  proqram common 
area o f  SCM. 
r JSMM w i l l  move program " P I "  t o  the  program area o f  SCM. 
r JSM! causes program "PI "  t o  be executed. 
e A t  the conc lus ion  o f  Program " P I "  execut ion, t h e  JSPM 
w i l l  move program connnon " C l "  back t o  where i t  e x i s t e d  i n  LCM, and w i l l  move 
program common "C2'1 i n t o  the  program common area o f  SCM. 
r JSMM w i l l  move proqram "P2" i n t o  t h e  program area o f  SCM. 
r JSMM causes program "P2" t o  be executed. 
r A t  the  conc lus ion  o f  Program "P2" execut ion, the  JSMM w i l l  
move program common "C2" back t o  where i t  e x i s t e d  i n  LCM. 
r The JSPM senses the end o f  the frame and moves the g loba l  
common "GC" back t o  where i t  e x i s t e d  i n  LCM. 
I t s  work comnleted f o r  t h i s  frame, JSW re tu rns  t o  the 
ope ra t i ng  system u n t i l  t h e  nex t  ex te rna l  i n t e r r u p t .  
4.4.1.9.5.2.1.4 Two Crew S t a t i o n  Operat ion 
Since both  crew s t a t i o n s  w i l l  have the  same bas i c  s t ruc tu re ,  
t h e  p r i n c i p a l  d i f f e r e n c e  between them i s  t h e  ex terna l  i n t e r r u p t  used t o  begin 
execut ion. I t  i s  envis ioned t h a t  the  c e n t r a l  t i m i n g  equipment w i l l  supply 
two 20 p e r  second pulses spaced 25 m i l l i seconds  apar t .  Thus each crew s t a t i o n  
rece ives  a 50 ms pu lse  f o r  i n t e r n a l  f raming. 
.. 
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I t  may prove d e s i r a b l e  t o  supply a "1 pu lse  p e r  second" and 
"1 pu lse  per  minute" f o r  each crew s t a t i o n ,  t h e  two pulses o f  each type 
separated by 25 mi l l i seconds.  This w i l l  a l l ow  c o r r e c t  synchroni7at ion when 
i n t e g r a t e d  w i t h  MCC o r  another complex. 
4.4.1.9.5.2.2 J u m o L i s t  Management 
A l l  o f  the s i m u l a t i o n  programs w i  11 he executed from one Jump 
l i s t ,  which i s  made up o f  20 frames. The occurrance o f  a prooram c a l l  i n  
the  jump l i s t  w i l l  be a f u n c t i o n  o f  two c o n s t r a i n t s :  
r The requirement f o r  s e r i a l  program execut ion. 
e Program i t e r a t i o n  r a t e  
Each e n t r y  i n  the  jump l i s t  w i l l  c o n s i s t  o f  f i v e  elements: 
r Program address i n  LCM 
r Program l e n g t h  
r Program common address i n  LCM 
r Program comon l e n g t h  
r Flags i n d i c a t i n g  f o r  which miss ion  phases the program i s  
t o  execute. 
The JSVM r o u t i n e  w i l l  check t h e  miss ion  phase f l a g s  p r i o r  t o  
moving the  program o r  i t s  common, e l i m i n a t i n g  the movement overhead i f  the  
module i s  n o t  be ing  executed. 
The f i r s t  and l a s t  e n t r y  i n  t h e  jump l i s t  w i l l  con ta in  f l a g s  
t o  the JSMM i n d i c a t i n g  the  LCM l o c a t i o n  and l e n g t h  .of the  g loba l  common area. 
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4.4.2 Data Management System (DMS) 
The DMS as dep ic ted  i n  F igure  4.4.2-1 w i l l  p rov ide  the  maintenance and 
s ta tus  c a p a b i l i t i e s ,  through an automated process, o f  t h e  d e t a i l e d  hardware 
and sof tware c o n f i r u r a t i o n  o f  the  SMS. 
The f o c a l  p o i n t  o f  t h e  DElS i s  the General ized Data Base Management 
System (GDBPlS). The GDBMS i s  a computer manufacturer 's  system (CODASYL 
Standard) data base management system. The GDBMS should p rov ide  t h e  f o l l o w i n g  
major features:  
Data S t ruc tu re  
Data s t r u c t u r e  i s  the  view o f  the data as seen by t h e  user o f  the  system 
and exc lud ing  any d e t a i l s  o f  s torage techniques used which are  covered i n  a 
separate sec t ion .  An understanding o f  t h e  data s t r u c t u r e  o f  e i t h e r  k i n d  o f  
data base system i s  e s s e n t i a l  t o  a good understanding o f  i t s  c a p a b i l i t i e s .  
Data s t r u c t u r e  l e v e l s  a re  i d e n t i f i e d  as item, group, group r e l a t i o n ,  
e n t r y  ( record) ,  f i l e  and data base. The d e f i n i t i o n  o f  a data s t r u c t u r e  i s  
re fe r red  t o  throughout the  r e p o r t  as a schema. I t  i s  a l s o  poss ib le  i n  some 
systems t o  have several sub-schemas which are  subsets o f  the  schema. 
Data D e f i n i t i o n  
The language and/or t a b u l a r  formats used t o  d e f i n e  a schema representable 
w i t h i n  the  system's c a p a b i l i t y  t o  handle data s t ruc tu res .  
I n t e r r o g a t i o n  
I n t e r r o g a t i n g  a data base i s  a process o f  s e l e c t i n g  and e x t r a c t i n g  some 
p a r t  o f  the  whole data base f o r  d i sp lay ,  u s u a l l y  i n  a hard copy p r i n t e d  form. 
One sec t i on  o f  the  i n t e r r o g a t i o n  f u n c t i o n  def ines how the  p a r t  i s  se lected.  The 
second p a r t  covers how operat ions such as computation, s o r t i n g  and f o r m a t t i n g  
may be performed on t h e  se lec ted  p a r t .  The concept o f  i n t e r r o g a t i o n  i s  an 
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i n t r i n s i c  self-contained capabi l i ty .  The implication i s  t h a t  the  user i s  able 
t o  formulate a query i n  the language of the system without de ta i l ing  the sequence 
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of s teps  used to  access the data base and ex t r ac t  the information. 
Availabil i ty of the interrogation function implies t h a t  a bu i l t - i n  processing 
algorithm f o r  the function i s  provided by the system. I n  the simplest case, 
the processing algorithm i s  tha t  of sequentially searching a stored f i l e ,  
copying out records which s a t i s f y  some conditional expression, and building up 
a report  based on the data contained i n  these records. There are  many degrees of 
sophistication even within the framework of the basic sequential search algorithm. 
Other processing algorithms cause the f i l e  t o  be accessed t o  obtain t he  required 
inforation,  using various techniques which avoid a sequential search. 
Update 
Updating a data base i s  a process of changing the value content of 
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some pa r t  of the data base. I t  excludes res t ructur ing of the data which would 
cause a modification t o  the stored data def ini t ion.  Update i s  a process somewhat 
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analogous to  interrogation i n  t ha t  some par t  of the data base must f i r s t  be selected.  
In  most self-contained systems, the se lec t ion  f a c i l i t i e s  are  modelled on those 
used i n  the interrogation function. However, once the par t  i s  se lected,  i t ' i s  
changed in some defined way rather  than displayed i n  a report .  
Update is in t r in s i ca l ly  a self-contained capabi l i ty .  I t  a l so  implies 
a bui l t - in  processing algorithm, b u t  the possible ways of implementin? i t  are  
even more varied than f o r  interrogation.  In some systems, both update and 
interrogation can be performed during the same sequential pass of a f i l e  i n  the 
and c o n t r o l  over niedia type. Data base c r e a t i o n  i s  considered t o  be one o f  the  
impor tan t  func t ions  f o r  the  data admin is t ra to r .  C rea t i on  may imply a  b u i l t - i n  
processing a lgo r i t hm as f o r  i n t e r r o g a t i o n  and update, o r  i t  may have t o  be 
programmed i n  a  convent ional  sense. I n  many cases i t  i s  a  use o f  the  updat ing  
func t ion  app l i ed  t o  a  n u l l  f i l e .  
There i s  no c l e a r  d i v i s i o n  here between se l f - con ta ined  systems and 
hos t  language systems. Some se l f - con ta ined  systems do r e q u i r e  a  programmed 
approach t o  f i l e  c rea t i on .  This  imp l i es  t h a t  p r o v i d i n g  the  . i n i t i a l  ins tance o f  
t h e  f i l e  i s  a  f u n c t i o n  which has t o  be programmed us ing  f a c i l i t i e s  o the r  than 
those prov ided by the system. 
Programnier Funct ions 
Programmer func t i ons  are  de f ined as hos t  language c a p a b i l i t i e s .  
They a r e  func t ions  upon which a  programming user  may c a l l  when w r i t i n g  a program 
i n  a  hos t  language. The most impor tan t  programmer f u n c t i o n  statements are  those 
which pe rm i t  him t o  i n i t i a t e  data t r a n s f e r s  between the  s t o r e d  data base and 
h igh  speed memory. Other statements may be prov ided t o  a l l o w  him t o  i ssue  f i l e  
c o n t r o l  statenients such as open, c lose  and ho ld .  
Any f u n c t i o n  considered t o  be i n  the  domain o f  t h e  data admin i s t ra to r ,  
even though i t s  use may be on t h e  l e v e l  o f  the  programmer, i s  n o t  considered 
i n  t h i s  sec t ion .  
Creat ion  
An impor tan t  p r e l i m i n a r y  t o  the  c r e a t i o n  func t i on  i s  t h a t  o f  da ta  
d e f i n i t i o n .  I t  i s  necessary t o  p rov ide  a  s e t  of records t o  for19 the  i n i t i a l  
ins tance o f  a  f i l e .  Other funct ions are  data v a l i d a t i o n ,  s e c u r i t y  s p e c i f i c a t i o n  
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t h e  machine a l though systems exerc ise  d i f f e r e n t  l e v e l s  o f  c o n t r o l  i n  t h e i r  data 
s t r u c t u r e  over  the  mapping o f  i tems i n t o  s torage s t r u c t u r e  formats.. 
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Data Admin i s t ra to r  Funct ions 
The data a d m i n i s t r a t o r  i s  an i n d i v i d u a l  respons ib le  f o r  a  da ta  base. 
H is  r o l e  i s  i d e n t i f i e d  t o  some ex ten t  i n  bo th  hos t  language and se l f - con ta ined  
systems. Such func t i ons  i n c l u d e  mon i to r i ng  system operat ion,  p rese rva t i on  o f  
system i n t e g r i t y  and s e c u r i t y ,  and p r o v i d i n g  f o r  r e s t r u c t u r i n g  the  data base 
t o  accon~modate new record  types o r  new i tems. Some o f  the  data a d m i n i s t r a t o r ' s  
funct ions may have t o  be performed w i t h  a  programmer l e v e l  language i n  some 
systems. I n  t h i s  case t h e  des ignat ion  o f  a  f u n c t i o n  as an admin i s t ra to r  f u n c t i o n  
i s  sub jec t i ve .  
Storage S t r u c t u r e  
Each l e v e l  o f  the data s t r u c t u r e  has a  s t o r e d  rep resen ta t i on  which i s  
re fe r red  t o  as t h e  storage s t r u c t u r e .  The f i l e  l e v e l  s to rage s t r u c t u r e  de f ines  
how e n t r i e s  are  s to red  i n  phys i ca l  b locks t o  form the  s to red  rep resen ta t i on  
o f  t h e  f i l e .  This  l e v e l  i s  o f t e n  d i c t a t e d  by t h e  i npu t /ou tpu t  c o n t r o l  system, 
which i n  t h i r d  generat ion ope ra t i ng  systems has been g i v e n ' t h e  name o f  data 
management system. F i l e  l e v e l  s to rage s t ruc tu res  i n c l u d e  such techniques as indexed 
sequent ia l  and o the r  ways o f  s t o r i n g  a  f i l e  and data about i t  t o  f a c i l i t a t e  
access t o  i t s  contents. 
The e n t r y  l e v e l  s torage s t r u c t u r e  va r ies  more w i d e l y  among systenls 
and i t  def ines  how groups o r  i tems are  represented i n  s torage t o  form t h e  
s t o r e d  rep resen ta t i on  o f  an en t r y .  Sometimes a l l  e n t r y  data i s  s to red  cont iguous ly  
i n  low speed memory, b u t  i n  some systems groups are  mapped i n t o  segments where 
the  segments i n  an e n t r y  may be s to red  i n  d i f f e r e n t  l o c a t i o n s  i n  low speed 
memory. F i n a l l y  i t e m  l e v e l  s torage s t r u c t u r e  u s u a l l y  r e f l e c t s  the  s to rage modes o f  
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4.4.2.1 Siriulation Source Management System 
4.4.2.1.1 -- Elaster Domain 
4.4.2.1.1.1 - Files  
CRT Source Modules - A l ib ra ry  will  be maintained containing one 
niet~lber fo r  every CRT source program i n  compressed for~n. This l ib ra ry  would 
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contain t e s t  areas fo r  t es t ing  new page programs as they are being developed. 
Simulator Software Source - A l ib ra ry  wil l  be maintained containing 
one member f o r  every operational program i n  compressed source form. S t r i c t  
coding conventions will  be applied t o  insure the  u t i l i z a t i on  of the s e l f  
docunlenting features  of a source 'language t o  i t s  f u l l e s t  extent .  
4.4.2.1.1.2 Processors 
CRT Off-Line Processor - A processor wi l l  be provided to update 
CRT source programs and compile then1 i n t o  an object  l ib ra ry  accessible by the 
real-time CRT processor. Event time monitor information will  a l so  be provided 
t o  the  CRT on-line processor through t h i s  program. Additional information will 
be passed t o  the Status Monitor Package and the  cross reference data s e t  will  
be modified f o r  every CRT page which  undergoes a permanent source update. 
Source l i s t i n g s  which r e su l t  wi l l  be passed to  a simulator source l i s t i n g  'data s e t .  
Sia~ulator  Source Update Processor - The f a c i l i t i e s  wi l l  be available 
t o  make program changes both permanent and temporary t o  operational programs. 
Object data s e t s  will  r e su l t  which wi l l  l a t e r  be meshed with other routines 
through a load generation process. Source l i s t i n g s  which r e s u l t  wi l l  be passed 
t o  a Simulator Source Listing data s e t .  
4.4.2.1.2 Control Domain 1 
4.4.2.1.2.1 - r i l e s  
CRT Object Program Lihrary - A l i b r a ry  wil l  be maintained providing 
one member f o r  each CRT page i n  operational o r  t e s t  s t a tu s .  This l i b r a ry  wil l  
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be of a d i r e c t  access nature to  permit f a s t  access by the CRT on-line processor. 
ETM Fi le  - This f i l e  wi l l  provide the real-tiroe CRT processor 
with the information needed to  generate the event time monitor and tripped 
c i r c u i t  breaker displays. This f i l e  will  be of a d i r ec t  access nature t o  
permit f a s t  access by the CRT real-time processor. 
Simulator Softrware Object - An object  l ib ra ry  which will  maintain a t  
l e a s t  one object  copy of every operational program. The modules wil l  be accessed 
from th i s  l ib ra ry  by the program which builds loadable modules. 
Simulator Source Listings - Source l i s t i n g s  for  a l l  simulator 
softrrare wil l  be maintained in  compressed form tha t  they may be called out f o r  
l i s t i n g  a t  any time from a remote s i t e  or the central  processor s t a t i on .  
4.4.2.1.2.2 Processors 
Core Loading Monitor Program - A program will  be provided t o  
analyze the output of the loader program and give edited pr intouts ,  including 
module lengths in  decimal and other special data pertinent to  the task s t ructure .  
Status Monitor Package - A group of programs will  be provided t o  
update, according t o  the type of update, the SCR, Mod, and DR s t a tu s  f i l e ,  
Programs i n  t h i s  package will be called d i rec t ly  from processors i n  the tlaster 
Domai n . 
Time Loading Monitor Program - The time loading monitor program 
wi l l  be a special real-time executive which wil l  ex t rac t  timing information from 
individual routines as they run and s to re  t h i s  information i n  the Time Loading 
Status Fi le  for  future  reference. 
4.4.2.1.3 Report Domain 
4.4.2.1.3.1 Fi les  
-
Core Loading Status Fi le  - A f i l e  will  be maintained which contains 
a l l  core loading information as provided by the Core Loading Monitor Program. / 
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This data will  consist  of prograoi. names, s i ze ,  and overlay segment i f  applicable. 
Cross Reference (XREF)  Data Set - A data s e t  containing one member 
- 
for  each source niodule and each CRT source program wi l l  e x i s t  denoting a l l  SDP 
terms used by tha t  program in i t s  current s t a tu s .  This inforniation i s  provided 
by the Sir;iulator Source Update Package and the CRT off- l ine  processor. 
SCR, Mod, and DR Status Fi le  - A f i l e  wil l  be maintained to  describe 
a l l  SCR's, P:lods and DR's as to  t h e i r  s t a tu s  and e f f ec t  on simulation. Information 
from th is  f i l e  will  be unloaded t o  permanent storage when a given time period 
has elapsed a f t e r  f ina l  incorporation i n t o  a t ra ining simulator load. 
Time Loading Status Fi le  - A f i l e  wil l  be kept current containing 
timing infornlation on every simulator software module. 
4.4.2.1.3.2 Processors 
Core Loadin! Program - A program will  be developed t o  provide 
complete core u t i l i za t ion  reports from the Core Loading Status File.  
X R E F  Program - A program will  be maintained to  provide's cross 
~. 
reference of a l l  terms used in  the simulator source by term and by program. An 
additional f a c i l i t y  will  provide a pr intout  of a l l  terms not used b u t  maintained 
i n  the SDP. A c 
Time Report Program - A method will  be provided f o r  generating 
automated time reports from inforniation contained i n  the Time Loading Status Fi le .  
Source Listing Program - - A program wil l  be maintained t o  select ively 
pr in t  source l i s t i ngs  from the Simulator Source Listing Fi le  with options f o r  
printing o r  suppressing assembly language pr intouts ,  cross references, maps, e t c .  
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4.4.2.1 Slmulatlon Source Management System 
CARDS 
VASTER DOYAIN CONTROL O O M I N  REPORT DOPAIN I 
0, 
4.4.2.2 S i r ~ u l a t i o n  Data Pool F!anager>ent System 
4.4.2.2.1 Elaster Donlain 
4.4.2.2.1.1 F i l e s  
Configuration Data F i l e  - S u f f i c i e n t  information w i l l  be contained 
i n  t h e  Configurat ion Data F i l e  t o  descr ibe  conipletely every term referenced by 
t h e  rea l - t ime simulat ion source  modules. This  information w i l l  i nc lude ,  but  
not l i m i t e d  t o ,  d e s c r i p t i o n ,  range o r  value,  u n i t s ,  s c a l i n g  ( f ixed  p o i n t ) ,  a r r a y  
information,  da ta  type  and p rec i s ion .  
Siniulator Software Source - A l i b r a r y  w i l l  be maintained conta in ing  
one n~eniber f o r  every opera t ional  program i n  compressed source form. S t r i c t  
coding conventions w i l l  be appl ied  t o  in su re  t h e  u t i l i z a t i o n  of  t h e  s e l f  
documenting f e a t u r e s  of a source  language t o  i t s  f u l l e s t  ex ten t .  
4.4.2.2.1.2 Processors 
Simulation Data Pool Management Package - Processors  w i l l  be 
developed t o  genera te ,  from t h e  conf ioura t ion  da ta  f i l e  and change c a r d s ,  updated 
t l i s tory  and Alpha f i l e s .  In  add i t ion ,  a processor  w i l l  be developed t o  genera te  
t h e  necessary da ta  pools i n  t h e  form of  source  modules, which w i l l  be added 
t o  t h e  Simulator  Software Source F i l e .  Appropriate  information w i l l  be passed 
t o  t h e  S t a t u s  Monitor Package t o  provide a h i s t o r y  of a l l  changes made. 
4.4.2.2.2 Control Domain 
4.4.2.2.2.1 F i l e s  
Alpha F i l e  - Configurat ion Data F i l e  i tems pe r t a in ing  t o  each 
da ta  pool tern1 a re  contained i n  t h e  Alpha f i l e .  This d a t a  w i l l  be s u f f i c i e n t  
t o  provide l inkage t o  t h e  da ta  pool f o r  source programs. The term records  a r e  
i n  a lphabe t i ca l  o rde r .  
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4.4.2.2.2.2 Processors 
Status Mon i to r  PacLae- - A group o f  programs w i l l  be prov ided t o  
update, according t o  the  type o f  update, the  SCR, Mod, and DR s ta tus  f i l e .  
Programs i n  t h i s  package w i l l  be c a l l e d  d i r e c t l y  from processors i n  the  Master 
Doaiai n .  
4.4.2.2.3 Report Domain 
4.4.2.2.3.1 F i l e s  
tiistory F i l e  - The H i s t o r y  f i l e  w i  11 conta in  cornparable i n fo rma t ion  
- -
t o  t h e  Alpha f i l e  however i t  w i l l  be arranged i n  core o rde r  r a t h e r  than a lphabe t i ca l  
order .  Each l o c a t i o n  i n  each data b lock  w i l l  be accounted f o r .  
SCR, Mod and DR Status F i l e  - A f i l e  w i l l  be mainta ined t o  descr ibe 
a l l  SCR's, Mods and DR's as t o  t h e i r  s ta tus  and e f f e c t  on s imu la t i on .  I n f o r n a t i o n  
f rom t h i s  f i l e  w i l l  be unloaded t o  permanent s torage when a g iven t ime pe r iod  
has elapsed a f t e r  f i n a l  i n c o r p o r a t i o n  i n t o  a  t r a i n i n g  s imu la to r  load.  
4.4.2.2.3.2 Processors 
SDP Report Generation Software - S u f f i c i e n t  sof tware w i l l  be 
developed t o  generate repo r t s  inc lud ing ,  b u t  n o t  l i m i t e d  to ,  t h e  fo l l ow ing :  
Ma l func t i on  L i s t s  .. C 
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4.4.2.3 S imula t ion  &ta Package Management Syste~i? 
4.4.2.3.1 Master Domain 
4.4.2.3.1.1 - F i l e s  
S i v u l a t i o n  Data Packaqe - The s i m u l a t i o n  data package conta ins  a l l  
data rece ived from ou ts ide  sources. Th is  data w i l l  be used f o r ,  b u t  n o t  l i m i t e d  
I to, c r e a t i n g  the  f o l l o w i n g  r e a l - t i n e  data se ts :  
I Reset 
F l i g h t  Computer Resets 
Aero Tables 
I Ephemeris Data 
V isua l  Data ( F i l m  Constants) 
4.4.2.3.1.2 Processors -
Simula t ion  Data Processor Package - A separate processor program 
w i l l  be developed f o r  generat ing each r e a l - t i m e  data s e t  t o  be der ived from the  
Simulator  Data Package. Status i n f o r m a t i o n  w i l l  be passed t o  t h e  Status Mon i to r  
Package. Update c a p a b i l i t y  w i l l  be prov ided t o  change any data  i n  the  package 
I as new data i s  received. 
4.4.2.3.2 - Cont ro l  Domain 
* 
4.4.2.3.2.1 F i l e s  
Real-Time Access Data F i l e s  - The e x t e n t  t o  which rea l - t ime  data  
se ts  w i l l  he prov ided w i l l  be determined by t h e  requirements o f  the  s i m u l a t o r  
task. 
4.4.2.3.2.2 Processors 
Status Mon i to r  Package - A group o f  programs w i l l  be prov ided t o  
update, according t o  the  type o f  update, t h e  SCR, Ivtod, and DR s ta tus  f i l e .  Programs I i n  t h i s  package w i l l  he c b l i e d  d i r e c t l y  from processors i n  the  Master Domain. 
I REV. I BINMPMTCN. NEW YORK (RfP. NO. 
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4.4.2.3.3 Report Domain 
4.4.2.3.3.1 
SCR, IMod and - D R  S t a t u s  F i l e s  - A f i l e  w i l l  be maintained t o  desc r ibe  
a l l  SCR's, Mods and DRis as  t o  t h e i r  s t a t u s  and e f f e c t  on s imula t ion .  Information 
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I from t h i s  f i l e  w i l l  be unloaded t o  permanent s to rage  when a given time period has 
e lapsed  a f t e r  f i n a l  incorpora t ion  i n t o  a  t r a i n i n g  s imula to r  load .  
4.4.2.3.3.2 Processors  
--
Real-Time Data S e t  Display Package - S u f f i c i e n t  d i sp lay  programs 
w i l l  be developed f o r  format t ing  p r i n t o u t s  of  a l l  rea l - t ime da ta  s e t s .  

4.4.2.4 Support Softviare --- Mana~etnent Systci;~ - 
4.4.2.4.1 u e r  Doniain -
4.4.2.4.1.1 F i l e s  
Support -- Software Plaster Source - - All u t i l i t y  suppor t  source  not  
pe r t a in ing  t o  Sec t ions  4.4.2.1, 4;4.2.2 o r  4.4.2.3 w i l l  be contained i n  Support 
Software l las te r  Source Library.  Software i n  t h i s  l i b r a r y  i s  con t ro l l ed  source ,  
changeable through s tandard  SCR procedures.  
4 .4.2.4.1.2 Processors 
Support Source Update Processor  - The c a p a b i l i t y  w i l l  e x i s t  wi th in  
t h e  suppor t  source  update processor  t o  update e x i s t i n g  source,  c r e a t e  appropr i a t e  
o b j e c t  modules and comniunicate appropr i a t e  information t o  t h e  S ta tus  Monitor 
Package. 
4.4.2.4.2 Control Domain 
4.4.2.4.2.1 Ei& 
Support Software Load Modules - All suppor t  sof tware  w i l l  be kept  i n  
a load module l i b r a r y  ready f o r  execution with no pre-processing required.  
Support Software Modules - Indiv idual  subrout ines  may be placed i n  
an o b j e c t  module l i b r a r y  f o r  l a t e r  incorpora t ion  i n t o  a load module when combined 
- 
with o the r  subrout ines .  
, . 
4.4.2.4.2.2 Processors  -
S t a t u s  Monitor Package - A group of programs w i l l  be provided t o  
update,  according t o  t h e  type  of update,  t h e  SCR, Mod, and DR s t a t u s  f i l e .  Programs 
i n  t h i s  package w i l l  be c a l l e d  d i r e c t l y  from processors  i n  t h e  Master Domain. 
4 .4.2.4.3 Report Domain 
4.4.2.4.3.1 F i l e s  
-.~ 
SCR, Mod and DR S ta tus  F i l e s  - A f i l e  w i l l  be maintained t o  desc r ibe  
a l l  SCR's, Hods and DR's as  t o  t h e i r  s t a t u s  and e f f e c t  on s imula t ion .  Information 
-. 
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from t h i s  f i l e  w i l l  bc unloaded t o  permanent s to rage when a  g iven  t ime p e r i o d  
has elapsed a f t e r  f i n a l  i n c o r p o r a t i o n  i n t o  a  t r a i n i n g  s i m u l a t o r  load. 
4.4.2.4.3.2 Processors 
-
Not app l i cab le .  
1 REV. B I N W M C N .  EiEw YORK REP. NO. 
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4.4.2.5 F l i g h t  Program Management System 
4.4.2.5.1 Master Domain 
4.4.2.5.1.1 F i l e s  
-
Fl igh t  Program Master Source - Fl igh t  Program masters  a r e  t o  be 
kept i n  a l i b r a r y  which con ta ins  one program per member. Any add i t iona l  f l i g h t  
R E V .  
program source  information,  such a s  d a t a  t a b l e s ,  w i l l  be kept i n  t h e  same data 
s e t  a s  members. 
BINGHAMTW. NEW YORK 
4.4.2.5.1.2 Processors  
F l i g h t  Program Update Processor - A program w i l l  be provided t o  make 
updates t o  t h e  s t o r e d  f l i g h t  program sources ,  produce loadable  f l i g h t  programs 
REP.  NO. 
and any o t h e r  f l i g h t  information requi red  f o r  real- t ime opera t ion  exc lus ive  of 
r e s e t ,  which w i l l  be handled elsewhere. Information wi l l  be passed d i r e c t l y  t o  
t h e  S t a t u s  Monitor Package desc r ib ing  t h e  changes made t o  t h e  f l i g h t  source.  
4.4.2.5.2 Control Domain 
4.4.2.5.2.1 F i l e s  
Loadable F l i q h t  Program - F l i g h t  programs wi l l  be s to red  i n  a 
l i b r a r y  a c c e s s i b l e  t o  on- l ine  opera t ion  on a read only bas i s .  
Real-Time F l igh t  Program Data Se t s  - Data s e t s  which a r e  necessary 
f o r  rea l - t ime f l i g h t  program opera t ions  w i l l  be provided. This does not  inc lude  
r e s e t  d a t a ,  which i s  p a r t  of t h e  Real-Time Data S e t  Package. 
4.4.2.5.2.2 Processors  
S t a t u s  Monitor Package - A group of programs wi l l  be provided t o  
update,  according t o  t h e  type  of update,  t h e  SCR, Mod and DR s t a t u s  f i l e .  Programs 
i n  t h i s  package w i l l  be c a l l e d  d i r e c t l y  from processors  i n  t h e  Master Domain. 
4-4.2.5.3 Report Domain 
4.4.2.5.3.1 F i l e s  
DATE 6/23/73 THE S I N G E R  COMPANY 
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SCR, Mod, and DR S ta tus  F i l e s  - A f i l e  w i l l  be mainta ined t o  desc r i be  
a l l  SCR's, Mods and DR's as t o  t h e i r  s t a t u s  and e f f e c t  on s imu la t ion ,  In fo rmat ion  
f rom t h i s  f i l e  w i l l  be unloaded t o  per~nanent s torage when a  giver1 t ime  pe r i od  
has elapsed a f t e r  f i n a l  i n c o r p o r a t i o n  i n t o  a t r a i n i n g  s imu la to r  load. 
4.4.2.5.3.2 Processors 
Not Appl i c a b l  e 
I .$.4.2.5 Fllght Program Management System 
. . . . EU;STER DOWIN ... ' . . "' CONTROL DOMRIN " ' REPORT DOPAIN i 
. . ! 
4.4.2.6 Supply Inventory  
The Supply Inven to ry  System i s  a  computcr based system which w i l l  
c o n t r o l  the  supply inventory ,  p r o v i d i n g  up-to-date repo r t s  w i t h  a  minimum amount 
o f  do1 ay. 
4.4.2.6.1 Master Donain 
-- ---  - - - --- 
4.4.2.6.1.1 Elaster F i l e s  
The two master f i l e s  associated w i t h  t h e  supply i nven to ry  are  t h e  
Supply Inventory  Master and the  Transact ion Master. The Supply Inventory  Master 
f i l e  w i l l  con ta in  t h e  bas ic  i n f o r m a t i o n  on t h e  i tems i n  t h e  i nven to ry  such as: 
manufacturer p a r t  number, c o n t r o l  number, p a r t  name, d e s c r i p t i o n ,  stockroonl 
l oca t i on ,  e~inimum s tock  l e v e l ,  maximum stock l e v e l ,  q u a n t i t y  on hand, u n i t  
cost,  and i f  the  iten1 i s  a v a i l a b l e  from Federal Stock. 
The Transact ion Master w i  11 con ta in  a1 1 t h e  t ransac t i ons  occu r r i ng  
aga ins t  the inventory .  The i n fo rma t ion  w i l l  con ta in  such i n f o r m a t i o n  as: 
c o n t r o l  number, type o f  t ransac t ion ,  q u a n t i t y ,  d i s p o s i t i o n  and t o t a l  cos t  o f  
t ransac t ion .  
4.4.2.6.1.2 Processors 
Two types o f  data are  i n p u t  the  Supply Inven to ry  Processor (SIP) :  
bas i c  i nven to ry  data des ignat ing  stock i tecls which comprise the  i nven to ry  
base, and q u a n t i t y  change data ( t ransac t i ons ) ,  which w i l l  i n c l u d e  i t e m  issue 
records, rece ip t s ,  re -order  conf i rmat ions ,  and s tock  r e t u r n s .  This data would be 
i n p u t  v i a  CRT's o r  card. 
The S I P  w i l l  process the  i npu ts  aga ins t  t h e  Supply Inven to ry  blaster 
and Transact ion Master f i l e s  and w i l l  generate the  re -o rde r  and excess repor ts .  
I -. 
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I Once the  quantity-on-hand of an item drops below the  s t a t e d  niinimum, i t  i s  put  
/ on the  re-order  r e p o r t .  S ince  s o w  items a r e  a v a i l a b l e  from Federal Stock while  
I o the r s  a r e  not ,  one of two ac t ions  w i l l  be performcd. For a l l  items a v a i l a b l e  
from Federal S tock ,  t h e  re -order  form w i l l  be p r in t ed  and a re -order  t r ansac t ion  
w i l l  be generated. For a l l  i tems not  a v a i l a b l e  from fede ra l  s t o c k ,  the  re- 
I orde r  and re-order  t r ansac t ion  must be generated manual l y .  
4 .4.2.6.2 - Control Domain 
4.4.2.6.2.1 - Secondary F i l e s  
None 
4.4.2.6.2.2 - Control Software 
None 
4.4.2.6.3 Report Doniain -
4.4.2.6.3.1 S ta tus  F i l e s  
None 
4.4.2.6.3.2 Report Software 
The Supply Inventory Report Generator w i l l  genera te  t h r e e  types 
I of repor ts :  inventory l i s t i  rig, t r ansac t ion  1 i s  t i n g ,  and c u r r e n t  usage. These 
r e p o r t s  a r e  generated from t h e  Supply Inventory Master and Transact ion Master 
f i l e s .  These r epor t s  may be by manufacturer p a r t  number, cont ro l  number, p a r t  
nanie/description o r  any o t h e r  meaningful order .  The r e p o r t s  generated may be 
i i s t i n g s  of the  e n t i r e  f i l e  o r  of  a s p e c i f i e d  por t ion  of  i t .  
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4.4.2.7 User Software 
User software i s  t h a t  sof tware  not d i r e c t l y  a s soc ia t ed  with t h e  
s iniulat ion o r  i n  support  of t h e  s imula t ion .  
4.4.2.7.1 Master Domain 
4.4.2.7.1.1 - Master F i l e s  
The master f i l e s  f o r  t h e  user sof tware  wi l l  c o n s i s t  of modules of 
source  code. The source may be i n  any programming language supported by the  vendor 
4.4.2.7.1.2 Processors  
The processors  a s soc ia t ed  with user  software a r e  a l l  vendors 
supplied and include an update processor  t o  maintain t h e  source modules, language 
processors  t o  compile t h e  source ,  and a l i nk ing  loader  t o  bui ld  t h e  load modules. 
The input  t o  t h e  update processor ,  e i t h e r  t o  c r e a t e  a new source module o r  modify 
an e x i s t i n g  source module, can come from CRT's o r  cards .  I n  a d d i t i o n  t o  t h e  
genera t ion  of t h e  o b j e c t  modules, t h e  language processors  w i l l  a l s o  gene ra t e  
l i s t i n g s  of  t h e  source.  
4.4.2.7.2 Control Domain 
4.4.2.7.2.1 Secondary F i l e s  
The f i l e s  a s soc ia t ed  wi th  t h e  cont ro l  domain a r e  t h e  o b j e c t  modules 
generated by t h e  language p rocesso r s ,  and t h e  executable  load modules generated 
from t h e  o b j e c t  modules by t h e  l i nk ing  loader .  
4 .4.2.7.2.2 - Control Software 
None 
4.4.2.7.3 Report Domain 
4.4.2.7.3.1 S t a t u s  F i l e s  
None * 
4.4.2.7.3.2 Report Software 
None 
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4.4.2.8 - Discrepancy Reports -
The Discrepancy Report System w i  11 prov ide  a  means o f  mon i to r i ng  the  
s ta tus  o f  discrepancy repo r t s  (DR's). 
4.4.2.8.1 Master Domain 
4.4.2.8.1.1 Master F i l e s  
The DR Master f i l e  w i l l  con ta in  a l l  the  p e r t i n e n t  i n fo rma t ion  
associated w i t h  each DR, such as DR number, da te  w r i t t e n ,  s imu la to r  e f f e c t e d  
(MBTS, FBTS), system ef fected,  type o f  DR, DR statement, person who wrote the  
DR, person assigned the  DR s tatus,  SCR's associated w i t h  each DR, e t c .  
The Sys tem R e s p o n s i b i l i t y  f i l e  w i l l  con ta in  t h e  name o f  t h e  
respons ib le  person f o r  each system o f  each s imu la tor .  
4  .4.2.8.1.2 Processor 
The DR w i l l  be p u t  i n t o  t h e  system v i a  a  CRT by the  o r i o i n a t i n g  
i n d i v i d u a l .  A t  t h i s  t ime the  DR Processor w i l l  ass ign  a  number t o  t h e  DR and 
ass ign  the  DR t o  the person respons ib le  f o r  the  e f f e c t e d  system. Any changes t o  
the  DR o r  system r e s p o n s i b i l i t y  w i l l  a l s o  be entered v i a  a  CRT. The DR s ta tus  
and assoc ia ted  SCR's w i l l  be mainta ined w i t h  i n p u t  from t h e  DR, Mod, and SCR Status 
f i l e .  
4.4.2.8.2 Cont ro l  Domain 
4.4.2.8.2.1 - Secondary F i l e s  
Elone 
I 
PAGE NO. 4.4-78 1 
REP. NO. 
ATE 6/23/73 
EV.  
4.4.2.8.2.2 Cont ro l  Software 
None 
4.4.2.8.3 Report Domain 
I 
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4.4.2.8.3.1 Status F i l e s  
DR, Mod, and SCR Status F i l e  
The i n fo rma t ion  conta ined i n  the  DR, Mod, and SCR Status F i l e  
(See Sect ion 4.4.2.1.1.1) i s  incorpora ted  i n t o  t h e  DR master f i l e  f o r  use i n  
generat ing t h e  DR Status Report. 
4.4.2.8.3.2 Report Software 
The repo r t s  generate u t i l i t y  data i n  the  DR Master and System 
R e s p o n s i b i l i t y  f i l e s .  The repo r t s  may be concerned w i t h  t h e  e n t i r e  f i l e  o r  a 
s p e c i f i e d  p o r t i o n  o f  it. Three repo r t s  are generated by t h e  system: system 
r e s p o n s i b i l i t y ,  DR l i s t i n g ,  and DR s ta tus .  The system r e s p o n s i b i l i t y  r e p o r t  i s  
a  l i s t i n g  o f  the  System R e s p o n s i b i l i t y  f i l e  and may be generated by system, 
s imu la to r  o r  i n d i v i d u a l .  The DR l i s t i n g  w i l l  con ta in  a  l i s t  o f  a l l  associated 
DATE 6/23/73 
R E V .  
SCR numbers which nay be generated f o r  s p e c i f i e d  DR1s. This  l i s t i n g  would 
serve as t h e  docunientation o f  a  DR t h a t  has been c leared and i s  no longer  
requ i red  i n  the  system. The DR s ta tus  r e p o r t  g ives  the  a b i l i t y  t o  t r a c k  DR's 
through the  system. DR's cou ld  be separated by s ta tus ,  system, respons ib le  
i n d i v i d u a l ,  e tc .  Status i n fo rma t ion  on s p e c i f i c  DR's may be requested f rom 
CRT's and d isp layed i n  rea l - t ime.  ,. 
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4.4.2.9 Mod i f i ca t i ons  
This system w i l l  p rov ide  a  means o f  mon i to r i ng  t h e  s ta tus  o f  a l l  
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mod i f i ca t i ons  (mods) w i t h i n  the  system. I 
( P A G E  No.-y] 
4.4.2.9.1 Master Dor~ain -
4.4.2.9.1.1 Vaster F i l e s  
The M o d i f i c a t i o n  blaster f i l e  w i l l  con ta in  a l l  p e r t i n e n t  i n fo rma t ion  
B I N D ~ ~ ~ ~ T C N .  NEW YORU 
associated w i t h  each nod. Th is  i n f o r m a t i o n  s h a l l  inc lude:  mod number, 
desc r ip t i on ,  schedule dates, DR's, and SCR's associated w i t h  each mod. 
REP. NO. 
4.4.2.9.1.2 Processors 
New mods and changes t o  e x i s t i n g  mods, such as schedule dates, 
w i l l  be i n p u t  t o  the  Mod i f i ca t i on  Processor v i a  card  o r  CRT. The mod s ta tus  
and associated SCR's w i l l  be mainta ined w i t h  i n p u t s  from t h e  OR, Mod, and SCR Status 
/ f i l e .  
4.4.2.9.2 Contro l  .-- Domain 
4.4.2.9.2.1 Secondary F i l e s  
I None 1 4.4.2.9.2.2 Contro l  Software 
None 
4.4.2.9.3 Report Domain 
4.4.2.9.3.1 Status F i l e s  
The i n fo rma t ion  conta ined i n  the  OR, Mod, and SCR Status f i l e  
(See Sect ion  4.4.2.1.1.1) i s  incorpora ted  i n t o  t h e  M o d i f i c a t i o n  Master f i l e  f o r  
use i n  generat ing t h e  Nod Status Peport. 
I 
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4.4.2.9.3.2 Report Software 
The reports generated uti  1 i z e  data contained in  the Modification 
Master f i l e .  These reports may concern the en t i r e  f i l e  or  any spec i f ic  mod. 
Two reports are  generated: the nod l i s t i n g  and the n~od s ta tus .  .The s t a tu s  
for  any specified mod could be requested from any CRT and displayed in real-tinre. 
Contained i n  the mod l i s t i n g  wi 11 be a l l  associated SCR numbers. 
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4.4.2.10 Software Chan2e Requests 
This system w i l l  provide t h e  means of  monitoring sof tware  change 
reques ts  (SCR's). 
PAGE NO. 4.4-84 
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4.4.2.10.1 Master Dovain 
4.4.2.10.1.1 Flaster F i l e s  -
The SCR Vaster  f i l e  w i l l  conta in  t h e  SCR update.  Contained i n  t h i s  
REP. N O .  
I f i l e  w i l l  be add i t iona l  information such as  tho indiv idual  w r i t i n g  t h e  SCR, I 
d a t e ,  and DR o r  mod with which t h e  SCR is a s soc ia t ed .  
4.4.2.10.1.2 Processors  
The SCR w i l l  be put  i n t o  t h e  system via  CRT o r  cards .  The SCR 
I p rocessor  w i l l  then ass ign  a number t o  t h e  SCR. Any SCR on t h e  SCR master t h a t  I 
is  i n  t e s t  s t a t u s  may be modified through t h e  SCR processor .  The SCR s t a t u s  
wi 11 be maintained with inpu t  from t h e  DR,  Mod, and SCR S t a t u s  F i l e .  
4.4.2.10.2 Control Domain -
4.4.2.10.2.1 Secondary F i l e  
None 1 4.4.2.10.2.2 Control Software 
I None 
4.4.2.10.3 Report Domain 
4.4.2.10.3.1 S t a t u s  F i l e s  
I The in fo r~na t ion  contained in t h e  D R ,  Mod and SCR S t a t u s  F i l e  ( (See Sec t ion  4.4.2.1.1.1) i s  incorpora ted  i n t o  t h e  SCR master f i l e  f o r  use i n  I I 
genera t ing  t h e  SCR s t a t u s  r epor t .  ! 
4.4.2.10.3.2 Report Software I 
- 
The repor t s  generated u t i l i z e  t h e  da ta  contained i n  t h e  SCR master 
I 
I 
f i l e .  The r epor t s  may be concerned with a l l  SCR's, SCR's a s s o c i a t e d  with a 
p a r t i c u l a r  DR o r  mod, o r  indiv idual  SCR's. Two r e p o r t s  a r e  generated:  SCR 
l i s t i n g s  and SCR s ta tus  repo r t s .  The SCR l i s t i n g  will serve as documentation f o r  
DR's and mods t h a t  have been i nco rpo ra ted  i n t o  t he  s i r i u l a t o r  system. 
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4.4.2.11 Sin iu lator  liartiware Docurnentation 
This systeni w i l l  p rov ide  a nieans o f  n ion i to r ing  the  s ta tus  o f  Kardware 
Change Not ices (NCN's) and changes t o  t h e  w i r e  l i s t .  
4.4.2.11.1 -- Faster  Domain 
4.4.2.11.1.1 Master F i l e s  
-- -
The two master f i l e s  associated w i t h  s in iu la to r  hardware docuiiientation 
are t h e  HCld Master and the  Wire L i s t  Master. The HCN Master. w i l l  con ta in  a l l  the  
HCN's t h a t  a r e  i n  the  process o f  being implemented w i t h  t h e  c u r r e n t  s ta tus .  
The Wire L i s t  Kaster  w i l l  con ta in  the c u r r e n t  w i r e  l i s t s .  
4.4.2.11.1.2 Processors 
The HCN Processor mainta ins the  lICN Master f i l e  by adding HC:l's, 
changing HCN1s o r  changing the  s ta tus  o f  HCN's. HCN's may be added o r  changed 
v i a  CRT o r  cards. The s ta tus  change niay be entered v i a  CRT o r  cards o r  i f  the 
HCN i s  associated w i t h  a so f tware  mod o r  DR, the  s t a t u s  change can be from t h e  
DR, Mod, and SCR Status f i l e .  When an HCN s ta tus  i s  changed t o  acceptance, 
the w i r e  l i s t  changes associated w i t h  i t  are w r i t t e n  t o  a secondary f i l e  t o  be 
i n p u t  t o  the  Patching and Schematics Processor. The Patching and Schematics 
Processor u t i l i z e s  t h i s  f i l e  t o  update the  Wire L i s t  Master f i l e .  
4.4.2.11.2 Contro l  Domain 
4.4.2.11.2.1 Secondary F i l e s  
A secondary f i l e  o f  w i r e  l i s t s  changes i s  generated by the  HCN 
Processor and used by t h e  Patching and Schematics Processor t o  update the Wire 
PAGE NO. 
--i 
L i s t  Master f i i e .  
4.4.2.11.2.2 Cont ro l  Software 
None 
4.4.2.11.3 Report Domain 
DATE 6/23/73 
S I M U L A T I O N  TI,, S I N G E R  PAODUC7S c o v G - T  D I V I S I O N  PAGE N O .  4-4-88 :
4.4.2.11.3.1 Status Fi les  
The infornlation contained in  the D R ,  Mod and SCR Status F i le  
R E V .  
(See Section 4.4.2.1.1.1) i s  used t o  update the H C N  s t a tus  
i n  the HCll Master f i l e  For thase tlClils associated w i t h  software nods and DR's. 
4.4.2.11.3.2 Report Soft\,!are I 
The tlCN Report Generator u t i l i z e s  information from the HCN E,laster 
I 
8 INU.(PM?CN. NtW YONK 
f i l e  t o  generate HCI I  l i s t i n g s  and an HCN s t a tu s  report .  The Wire L i s t  Report 
Generator u t i l i z e s  the Wire List Plaster f i l e  t o  generate the wire l i s t  repor t .  
R E P .  NO.  
Both of these report generators may u t i l i z e  the en t i r e  f i l e  associated with i t  l 
or any specif ied portion of the f i l e .  Additional information f o r  the Wire L i s t  
Report i s  obtained from the CDF and the Alpha f i l e .  
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-- 
5.0 Cos t  Analys i s  
A c o s t  a n a l y s i s  was performed a s  p a r t  of  t h e  b a s e l i n e  e f f o r t .  
The c o s t  d a t a  r e f l e c t s  t h e  s i m u l a t o r  c o n f i g u r a t i o n  o f  t h e  b a s e l i n e  
c o n f i g u r a t i o n  d e f l n e d  i n  s e c t i o n s  3.0 and 4 . 0 .  Where r e q u i r e d ,  quo te s  
were ob ta ined  from vendors  f o r  m a t e r i a l s  and s u b c o n t r a c t s .  M a t e r i a l  
and l ako r  do1la:s werc e x t r a p o l a t e d  t o  t h e  c e n t e r  of e f f o r t  o f  each 
crew s t a t i o n  development s o  t h a t  t h e  c o s t  r e f l e c t s  t h e  va lue  of d o l l a r s  
d u r i n g  t h e  procurement t ime f rame,  e x c e p t  f o r  t h e  SCC r e l a t e d  c o s t s  
which were based on p r e s e n t  quo te s .  The SCC i s  scheduled t o  be procure 
much e a r l i e r  than  t h e  remainder of t h e  SMS and c o s t  e s c a l a t i o n  was 
assumed t o  be  n e g l i g i b l e .  The so f tware  c o s t s  were based on t h e  
expe r i ence  of t h e  SLS program, which had s i m i l a r  documentation,  proqran 
c o n t r o l  and programming language d i s t r i b u t i o n  t o  t h o s e  s p e c i f i e d  and 
envis ioned  f o r  t h e  SMS. Hardware m a t e r i a l  and manufactur ing c o s t s  
were based on complexity e s t i m a t e s  t o  similar components and systems 
a s  w e l l  a s  quo te s  from vendors .  Hardware des ign  l a b o r  was based on 
ske t ch  and drawing counts .  
The c o s t  f o r  t h e  SMS a t  t h e  program l e v e l  WBS i s  a s  fo l lows :  
T i t l e  Cost  
-
WBS 1 .0  Motion Base Crew S t a t i o n  $ 14,900,000 
WBS 2.0 Fixed Base Crew S t a t i o n  9,254,000 
TOTAL $ 24,154,000 
THE SINGER COMPANY 
SIMULATION PRODUCTS DIVISION 1-21 
REP.  NO. REV.A 1 2 / 2 1  /73 QINCHAhFlaV. NEW YORK 
I 
I 
Not inc luded  i n  t h i s  t o t a l  a r e  t h e  c o s t s  o f  t h e  SCC, v i s u a l ,  
and GFP. The DCE c o s t s  a r e  included i n  t h e  t o t a l s  's ince t h i s  a r e a  i s  
i n  doubt a s  t o  which c o n t r a c t  w i l l  procure  t h e  equipment. 
C o s t s  t o  t h e  nex t  l e v e l  WBS breakdown a r e  shown on F i g u r e  5-1 
f o r  t h e  P113CS and F igu re  5-2 f o r  t h e  FBCS. The WBS o r g a n i z a t i o n  is  
based on r e v i s i o n  A of t h e  SMSR. Some c o s t  r e d u c t i o n s  can be made 
a t  t h e  expense of i n c r e a s i n g  o p e r a t i n g  c o s t s  by d e l e t i n g  r e q u i r e -  
ments which a r e  no t  e s s e n t i a l  t o  t h e  t r a i n i n g  requi rements .  These 
p o t e n t i a l  r e d u c t i o n s  a r e  t a b u l a t e d  below. 
a )  De le t ion  o f  t h e  n o n - e s s e n t i a l  a r e a s  of t h e  Data Management 
System w i l l .  r e s u l t  i n  a c o s t  r e d u c t i o n  of $163,000 
i n  WBS 1 . 8 .  An a s s o c i a t e d  r e d u c t i o n  of approximately  
$550,000 i s  o b t a i n a b l e  i n  t h e  SCC c o n t r a c t  by t h i s  d e l e t i o n  
b )  De le t ion  of t h e  Record/Playback requi rements  w i l l  r e s u l t  i n  
a  d e l e t i o n  of $105,000 i n  WBS 1 . 8 .  
The above r e d u c t i o n s  w i l l  make t h e  e f f o r t  of  t h e  i n s t r u c t o r s  
and maintenance and m o d i f i c a t i o n  personne l  more d i f f i c u l t  and r e q u i r e  
more o p e r a t i o n a l  personne l ,  however, probably no more s o  t h a n  on pas t  
mi s s ion  s i m u l a t o r s .  
During t h e  p roces s  o f  t h e  c o s t  a n a l y s i s ,  requ i rements  have been 
reduced from the  Revis ion  A v e r s i o n  of t h e  SMSR i n  t h e  i n t e r e s t s  of  
economy. However no r e q u i r e m e n t s  have b e e n  r educed  which  w i l l  a f f e c t  
DATE 6 / 2 2 / 7 3  
R E V .  A 1 2 / 2 1 / 7 3  
t h e  f i d e l i t y  o f  t r a i n i n g  o r  t h e  i n s t r u c t o r s  a b i l i t y  t o  f u n c t i o n  
p r o p e r l y .  
Some o f  t h e s e  r e d u c t i o n  i n  r e q u i r e m e n t s  i n c l u d e d ,  
8 )  Changing t h e  10s CBT r e q u i r e m e n t s  f rom a  c o l o r ,  s t r o k e  
w r i t i n g ,  and  v e c t o r  r o t a t i o n  s y s t e m  t o  a b l a c k  and w h i t e  
r a s t e r  s c a n  g r a p h i c  s y s t e m  
b )  O f f - l o a d i n g  some o f  t h e  SCC c o m p u t a t i o n  e f f o r t  t o  t h e  
m i n i  computer  complex.  
THE SINGER COWPANY 
S I M U L A T I O N  PRODUCTS D I V I S I O N  
BINMAhlTON, hEW YDRK 
c) Reducing  t h e  d o c u m e n t a t i o n  r e q u i r e m e n t s  i n  some a r e a s .  
F u r t h e r  changes  were i n c u r r e d  d u r i n g  t h e  f i n a l  u p d a t e  of  t h i s  
r e p o r t .  Cos t .  c h a n g e s  which  have been  i n c o r p o r a t e d  i n t o  t h i s  r e l e a s e  
i n c l u d e  t h e  f o l l o w i n g :  
a )  R e v i s i o n  o f  t h e  Voice  Comnunica t ion  Sys tem 
b) A d d i t i o n  of  a  f i f t h  ABES e n g i n e  t o  t h e  Aura l  Cue Sys tem 
c )  D e l e t i o n  o f  Advanced T r a i n i n g  F e a t u r e s  
d)  Redes ign  of  t h e  DP&S i n c l u d i n g  a d d i t i o n a l  c o s t  i n c u r r e d  
by  c h a n g i n g  t h e  IOS CRT r e p e a t e r s  f rom GFP t o  c o n t r a c t o r  
p rov ided  
e) M i s c e l l a n e o u s  IOS c h a n g e s  
f )  D e l e t i o n  o f  t h e  f u i l  s c a l e  Crew S t a t i o n  Mockup. 
g )  D e l e t i o n  o f  t h e  c l a s s r o o m  t e r m i n a l  
h) A d d i t i o n  o f  Launch V e h i c l e  Bending  S o f t w a r e  
i )  A d d i t i o n  o f  Launch V e h i c l e  S l o s h  S o f t w a r e  
j)  M i s c e l l a n e o u s  Change t o  t h e  A p p l i c a t i o n  S o f t w a r e  
DATE 6/22/73 1 THE SINGER COMPANY PAGE NO. 5-4 SIMULATION PRODUCTS DIVISION - 
T i t l e  
REV. A 12/21/73 
S e l l  
P r i c e  
I 1.1 Crew S t a t i o n  $ 1 ,452 ,000  
BINGIiAMTm. NEW YORK 
1 1.2 I n s t r u c t o r  O p e r a t o r  S t a t i o n  421,000 
REP. NO. 
A n c i l l a r y  Equipment 
On-Board Computers  
Computer Complex 
1 . 6  D i g i t a l  C o n v e r s i o n  Equipment 
1 . 7  V i s u a l  
1 . 8  S o f t w a r e  
1 .9  Sys tems I n t e g r a t i o n  
1.10 I n s t a l l i o n ,  T e s t  & C/O 1 1.11 Documenta t ion  664,000 
1 . 1 2  Program Management 
1 .13  M i s c e l l a n e o u s  
1 .14  S p a r e s  P r o v i s i o n i n g  
1 .15  S u p p o r t  
1 .16  Motion 
TOTAL 
I MBCS WBS L e v e l  2 C o s t  Summary 
F i g u r e  5-1 
WBS 
-
Title 
THE SINGER COMPANY 
S I M U L A T I O N  PRODUCTS D l  V l  S l ON 
. . 
R E V .  A 12/21/7 BINWAMIIIW. NEW YORK 
Sell 
Price 
PAGE NO. 5-5 
REP.  NO. 
--1 
I 
-- , 
2.1 Crew Station $ 1,214,000 
! I 
i 
Instructor Operator Station 526,000 
Ancillary Equipment l57,OOO 
On-Board Computers 567,000 
2.5 Computer Complex 250,000 
2.6 Digital Conversion Equipment 834,000 
2.7 Visual N/A 
2.8 Software 
2.9 Systems Integration 146, OOC 
2.10 Installation, Test & C/O 1,207,000 
2.11 Documentation 397,000 
2.12 Program Management 2,002,000 
2.13 Miscellaneous 1,019,000 
2.14 Spares Provisioning 262,000 
2.15 Support 189,000 , 
TOTAL 
Figure 5-2 
FBCS WES Level 2 Cost Summary 
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6.0 Schedu1.e 
6 .1  Overview 
An o v e r a l l  procurement schedule  model and f l i g h t  schedule  was 
used a s  t h e  b a s i s  f o r  t h i s  a n a l y s i s .  The model i s  shown on F i g u r e  6-1. 
I n  g e n e r a l ,  t h e  s i c u l a t o r  appears  a b l e  t o  be  developed and designed 
wi thou t  a  l a r g e  r i s k  w i t h i n  t h e  t ime  frame a l l o c a t e d  by t h e  model. 
However some problems do e x i s t  and t h e s e  a r e  d i scus sed  below under the 
r e s p e c t i v e  work package. 
I t  should be  noted t h a t  i n  g e n e r a l  t h e  pacing i t e m  on most proto- 
PAGE NO. 6-1  
--- 
REV. 
t y p e  s i m u l a t o r s  i s  t h e  v i s u a l  system i f  it is not  a n  o f f - t h e - s h e l f  depri 
The SMS v i s u a l  does  no t  f a l l  i n t o  t h e  o f f - t h e - s h e l f  ca t ego ry  and may we 
be t h e  pacing i t e m .  A s  t h e  v i s u a l  sys tem d e s i g n  was n o t  inc luded  i n  t h  
s t u d y ,  no conc lus ions  on t h e  o v e r a l l  SMS schedule  c o m p a t i b i l i t y  w i t h  
B I N M M O N .  NEW YORK 
t h e  model can b e  reached o t h e r  t han  w i t h  s u i t a b l e  management on t h e  
SMS c o n t r a c t o r  and NASA's p a r t  t h e  remainder of t h e  e f f o r t  i s  r e s l i z a b l  
REP. NO. 
It was assumed i n  t h e  a n a l y s i s  t h a t  t h e  DCE and mini computer 
complex would be  procured by t h e  SMS c o n t r a c t o r .  The impact on t h e  
schedule  i s  t h a t  an e x t e n s i v e  f a c t o r y  checkout i s  p o s s i b l e  w i t h  t h i s  
arrangement which will make hardware a l t e r a t i o n s  du r ing  t e s t  much more 
convenien t .  The a l t e r n a t i v e ,  i f  t h e  DCE i s  by t h e  SCC c o n t r a c  
t o r ,  i s  t o  s h i p  piece-meal a s  t h e  equipment i s  assembled and perform 
t h e  same type  o f  checkout i n  t h e  f i e l d .  Mod i f i ca t ions  bo th  t o  make t h e  
equipment f u n c t i o n  proper ly  and due t o  s p a c e c r a f t  m o d i f i c a t i o n s  w i l l  
become more c o s t l y  t o  implement b u t  t h e  s c h e d u l e  would r emain  t h e  same 
and more m o d i f i c a t i o n s  would have t o  b e  r e l e g a t e d  t o  t h e  p o s t - a c c e p t a n c  
u p d a t e  c y c l e .  
P r o g r e s s i v e l y  l e s s  r i s k  would b e  i n c u r r e d ,  p a r t i c u l a r l y  i f  t h e  
v i s u a l  s y s t e m  i s  c o n s i d e r e d ,  i f  t h e  s c h e d u l e  f o r  e a c h  crew s t a L i o n  were 
e x t e n d e d  by t h r e e  t o  s i x  mon ths .  It i s  recommended t h a t  t h i s  t y p e  of  
e x t e n s i o n  be  s e r i o u s l y  c o n s i d e r e d  i f  t h e  f l i g h t  d a t e s  move o u t  p r i o r  t o  
ATP. A d d i t i o n a l  c o s t  would a u t o m a t i c a l l y  b e  i n c u r r e d  i f  t h e  s c h e d u l e  
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i s  e x t e n d e d .  T h i s  c o s t  migh t  b e  judged u n n e c e s s a r y  b u t  it must be  
w e i g h t e d  a g a i n s t  t h e  c o s t s  which may b e  i n c u r r e d  i f  t h e  SMS c o n t r a c t o r  
has  t o  e x t e n d  t h e  s c h e d u l e  o r  compress  a c t i v i t i e s  t o  m a i n t a i n  t h e  o r i -  
g i n a l  s c h e d u l e .  The r i s k  a l s o  e x i s t s  t h a t  t h e  s i m u l a t o r  a s  d e l i v e r e d  
w i l l  n o t  b e  i n  a  c o n f i g u r a t i o n  s u i t a b l e  f o r  t r a i n i n g .  An e x t e n d e d  
s c h e d u l e  would t e n d  t o  minimize  t h i s  r i s k  a s  w e l l  a s  p r o v i d e  more t ime  
t o  s o l v e  t h e  d a t a  a c q u i s i t i o n  problems which a r e  a l w a y s  i n h e r e n t  i n  a  
s i m u l a t o r  which i s  b e i n g  d e s i g n e d  c o n c u r r e n t  w i t h  t h e  s p a c e c r a f t  o r  
a i r c r a f t  . 
It i s  assumed i n h e r e n t l y  i n  t h e  s c h e d u l e s  t h a t  t h e  m a j o r i t y  o f  
t h e  s p a c e c r a f t  d a t a  w i l l  b e  a v a i l a b l e  a t  ATP, p a r t i c u l a r l y  i n  t h e  crew 
s t a t i o n  a r e a  and t h a t  t h e  GFP hardware  w i l l  b e  a v a i l a b l e  p r i o r  t o  t h e  
end of a s sembly .  
6 . 2  Motion Base Crew S t a t i o n  Schedu le  
The model f o x  t h e  bll3CS i s  se t  u p  by p r o v i d i n g  one y e a r  o f  a s t r o -  
n a u t  t r a i n i n g  p r i o r  t o  t h e  f i r s t  manned o r b i t a l  f l i g h t .  The o v e r a l l  
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MBCS s c h e d u l e  i s  shown on  F i g u r e  6 . 2 .  A s i x  month p o s t  a c c e p t a n c e  
m o d i f i c a t i o n  e f f o r t  i s  i n c l u d e d  i n  t h e  s c h e d u l e  t o  i n c o r p o r a t e  s p a c e -  
c r a f t  m o d i f i c a t i o n s  which c a n n o t  b e  accommodated i n t o  t h e  o r i g i n a l  
s c h e d u l e .  T h i s  m o d i f i c a t i o n  e f f o r t  i s  r e q u i r e d  s i n c e  t h e  S h u t t l e  and 
O r b i t e r  CCR's w i l l  o c c u r  d u r i n g  t h e  s i m u l a t o r  development  c y c l e  and  
O r b i t e r  2 r o l l o u t  i s  s c h e d u l e d  c o i n c i d e n t  w i t h  t h e  s c h e d u l e d  a r r e p t a n c e  
o f  t h e  PIDCS. PDRts a r e  g e n e r a l l y  s c h e d u l e d  f o r  t h e  t h i r d  t o  t h e  s i x t h  
n o n t h  a f t e r  ATP. C D R ' s  a r e  s c h e d u l e d  f o r  t h e  s i x t h  t o  t h e  n i n t h  month 
o f  t h e  program. Procurement  w i l l  i n  g e n e r a l  s t a r t  a f t e r  t h e  i n d i v i d u a l  
PDRts and e x t e n d  t o  t h e  s t a r t  o f  subassembly .  Long l e a d  i t e m s  w i l l  
have  t o  be o r d e r e d  a t  t h e  e a r l i e s t  p o s s i b l e  d a t e  i r r e g a r d l e s s  of  PDR 
and  CDR c o n s t r a i n t s .  A t  ATP a  NASA/Contractor comrr i t tee  s h o u l d  b e  
forrned t o  i d e n t i f y  and approve  t h e  procurement  o f  t h e  l o n g  l e a d  i t e n s .  
Xn a d d i t i o n  equipment  which  i s  a n  o f f - t h e - s h e l f  d e s i g n  ( e . g . ,  DCE, 
b a s i c  mot ion)  shou ld  b e  r ev iewed  by t h e  commit tee  and r e l e a s e d  t o  
m a n u f a c t u r i n g  a s  soon a s  p o s s i b l e  i n  o r d e r  t o  s u p p o r t  e a r l y  t e s t i n g  
and  r e l i e v e  t h e  p o t e n t i a l  integration/manufacturing b o t t l e n e c k s .  
The f e b r i c a t i o n / a s s e m b l y  c y c l e  i s  s c h e d u l e d  f o r  t h e  s i x t h  t o  
t h e  s e v e n t e e n t h  months o f  t h e  program.  A f a c t o r y  tes t  c y c l e  o f  t h r e e  
months i s  p lanned t o  i n t e g r a t e  t h e  hurdware components m e c h a n i c a l l y  
and  e l e c t r i c a l l y  (up t o  t h e  DCE m i n i  compute r ) .  Subsequen t  t o  t h e  f a c -  
t o r y  t e s t ,  t h e  equipment  w i l l  b e  s h i p p e d  t o  JSC and r e - e r e c t e d .  A 
h a r d w a r e / s o f t w a r e  i n t e g r a t i o n  c o n s i s t i n g  o f  i n s t a l l a t i o n ,  s y s t r t ~  t e s t i n  
Acceptance  r e h e a r s a l s  and f i n a l l y  a c c e p t a n c e  t e s t i n g  w i l l  c o u t i n u e  f o r  
REV.  
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s e v e n  months.  Crew t r a i n i n g  w i l l  s t a r t  a t  month 2 7 ,  one  y e a r  p r i o r  t o  
t h e  f i r s t  f l i g h t .  A c o n f i g u r a t i o n  u p d a t e  w i l l  b e  made f rom months 
t w e n t y - f i v e  t o  month t h i r t y - o n e  which w i l l  c o n c l u d e  t h e  MBCS program. 
A l l  GFP w i l l  b e  r e q u i r e d  by month 13 i n  o r d e r  t o  s u p p o r t  m a n u f a c t u r i n g  
and t e s t i n g .  
Each a r e a  o f  t h e  MRCS w i l l  be  d i s c l ~ s s e d  below and t h e  r i s k s  and 
problem a r e a s  i f  any d i s c u s s e d .  
6 . 2 . 1  Crew S t a t L o n  - The ma jo r  s c h e d u l e  r i s k  i n  t h e  crew s t a t i o n  a r e a  
R E V .  
i s  t h e  l e a d  time a s s o c i a t e d  w i t h  t h e  p rosu remen t  of  s p a c e c r a f t  p a n e l  
components .  T h i s  problem c a n  b e  compounded by d a t a  d e f i c i e n c i e s  i n  
1 REP. NO. 1 BINCS1WTCN. NEW YORK 
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t h e  a r e a  o f  i d e n t i f i c a t i o n  o f  t h e  components .  The GFP Da ta  Package i 
! 
i 
s h o u l d  b e  a s  d e t a i l e d  a s  p o s s i b l e  i n  t h i s  a r e a  t o  e n a b l e  r a p i d  e v a l u z t i o n  
o f  t h e  procurement  s i t u a t i o n .  
6 . 2 . 2  Motion - The b a s i c  mot ion  sys t em s h o u l d  be r e l e a s e d  t o  manul- 
I 
OCiUjT 
i n g  a s  soon  a s  p o s s i b l e  a f t e r  ATP. The v i s u a l  s y s t e m  forward  d i s p l a y  
s y s t e m  is a  c o n s t r a i n t  t o  t h e  d e s i g n  of  t h e  mot ion  p l a t f o r m  and t i l t  i 
mechanism and a s  such  t h e  d i s p l a y  d e s i g n  h a s  t o  be  r e s o l v e d  r a p i d l y .  
An in -house  t e s t  o f  t h e  t o t a l  mot ion  s y s t e m s  w i l l  have  t o  b e  conduc ted  
I 
p r i o r  t o  s h i p p i n g  i n  o r d e r  t o  v e r i f y  pe r fo rmance  and s a f e t y .  T h i s  I 
I t e s t i n g  s h o u l d  c o n s i s t  o f  i n i t i a l  t e s t i n g  w i t h  dummy l o a d s  and p r o g r e s s  , 
t o  a  f u l l  v i s u a l ,  c rew s t a t i o n  and mot ion  s y s t e m  c o n f i g u r a t i o n .  I I 
6 . 2 . 3  I n s t r u c t o r  O p e r a t o r  S t a t i o n  - C o n s t r a i n t s  t o  t h e  IOS s c h e d u l e  
a r e  t h e  a v a i l a b i l i t y  o f  s p a c e c r a f t  components ,  GFP, and t h e  CRT s y s t e m  
I 
which  t o d a y  have l e a d  times o f  e i g h t  mon ths ,  The CRT sys tem a l s o  
c o n s t r a i n s  t h e  S i m u l a t o r  C o n t r o l  S o f t w a r e  which  must  be  f u n c t i o n i n g  
OATE 6 / 2 2 / 7 3  
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p r i o r  t o  t h e  s t a r t  o f  Nardware /Sof tware  i n t e g r a t i o n  and p r e f e r a b l y  p r i  
t o  t h e  s t a r t  o f  Sys tems I n t e g r a t i o n .  
6 . 2 . 4  & n c i l l a r y  E q u i p m c S  - O r d i n a r i l y  t h i s  t y p e  o f  equipment  i s  nc 
a  s c h e d u l e  problem t o  t h e  s i m u l a t o r  deve lopment :  Obvious ly  s imula t .or  
power and t h e  CTE w i l l  b e  on t h e  c r i t i c a l  p a t h  and c o n s t r a i n  t h e  overa  
s c h e d u l e  i f  n o t  a v a i l a b l e  i n  a  t i m e l y  manner .  A u r a l  c u e  w i l l  r e q u i r e  
d a t a  f rom t h e  v e h i c l e  t e s t  program i n  o r d e r  t o  b e  comple ted  and NASA 
s h o u l d  make a n  e f f o r t  a t  t h i s  t i m e  t o  o b t a i n ,  s c h e d u l e  and  p u t  r e q u i r e  
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ments  on t h e  t e s t  program i t s e l f  t o  o b t a i n  t h e  r e q u i r e d  i n f o r m a r i o n .  
6 .2 .5  D a t a  P r o r e s s i n g  & S o f t w a r e  - P e r e n n i a l l y  t h i s  a r e a  i s  a  schedu 
problem and f rom e a r l y  s c h e d u l e  a n a l y s i s ,  i t  a p p e a r s  t h a t  i t  w i l l  b e  
once  a g a i n .  The ma jo r  c o n s t r a i n t s  a r e  t h e  a v a i l a b i l i t y  o f :  
- 
PAGE NO. 6-5 
REP. NO. 
a )  t h e  i n t e r f a c e  m i n i  compute r s  
b) t h e  GFP f l i g h t  compute r s  and  CRT s y s t e m  
c) f l i g h t  s o f t w a r e .  
The i n t e r f a c e  m i n i  compute r s  c u r r e n t l y  have a  l e a d  t i m e  of one 
y e a r  and a s  such  must  b e  p l a c e d  on o r d e r  immedia te ly  a f t e r  ATP. The 
GFP f l i g h t  compute r s  and CRT s y s t e m  s h o u l d  b e  made a v a i l a b l e  1 2 - 1 3  
months a f t e r  ATP t o  v e r i f y  t h e  hardware  i n t e r f a c e  d e s i g n  which c a n  b e  
l e n g h t y  p r o c e s s  i f  any  t r o u b l e s  a r i s e .  The f l i g h t  s o f t w a r e  s i t u a t i o n  
i s  t h a t  t a p e s  f o r  t h e  FHF w i l l  b e  a v a i l a b l e  t o  s u p p o r t  i n - p l a n t  and 
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s y s t e m  t e s t i n g .  Iiowever t h e  FRP f l i g h t  t a p e s  w i l l  n o t  s u p p o r t  t h e  
l a u n c h ,  o r b i t  and e n t r y  m i s s i o n  p h a s e s .  The FMOF program t a p e  schedi l le  
was n o t  a v a i l a b l e  b u t  p r o j e c t i n g  a  s i m i l a r  s c h e d u l e  a s  f o r  t h e  FHF puL: 
t h c j r  a v a i l a b i l i t y  a t  t h e  s t a r t  t r a i n i n g  d a t e .  F u r t h e r  d a t a  o n  t h e  
a v a i l a b i l i t y  o f  t h e  FMOF s o f t w a r e  i s  r e q u i r e d  b e f o r e  a n y  c o n c l u s i o n s  
c a n  b e  drawn, b u t  i f  t h e  p r o j e c t e d  s c h e d u l e  i s  a c c u r a t e  and c a n n o t  be 
b e t t e r e d  work-around p l a n s  w i l l  have t o  b e  g e n e r a t e d  s u c h  a s  t h e  
d e s i g n  o f  d r i v e r s  t o  check  o u t  t h e  s i m u l a t o r  and s u p p o r t  e a r l y  t r a i n i n g  
a s  w e l l  a s  p r o v i s i o n i n g  f o r  a heavy c h e c k  o u t  e f f o r t  o f  t h e  FMOF f l i g h t  
t a p e s  w i t h  t h e  s i m u l a t o r  d u r i n g  t h e  MBCS m o d i f i c a t i o n  t ime  f r ame .  
6 .2 .6  D i e i t r a l  C o n v e r s i o a  E ~ t r i ~ m e n t  - Thc ma jo r  c o n s t r a i n t  t o  t h e  DCE 
a r e a  i s  t h e  m i n i  computer  a v a i l a b i l i t y  d a t e  wh ich  i f  o r d e r e d  c l o s e  t o  
ATP p r e s e n t s  no p rob lems .  The o t h e r  c o n s t r a i n t  i s  e n s u r i n g  an  e a r l y  
m a n u f a c t u r i n g  s t a r t  which  on  most s i m u l a t o r s  i s  n o t  a problem s i n c e  
a l l  t h a t  i s  r e q u i r e d  i s  a good DCE c o u n t  a s suming  a n  o f f - t h e - s h e l f  
d e s i g n  i s  u s e d .  The p roposed  s c h e d u l e  shows a  normal  r e l e a s e ,  i . e . ,  
c o m p l e t i o n  o f  PDR and CDR and i s  c o m p a t i b l e  w i t h i n  t h e  o v e r a l l  s c h e d u l e  
r e q u i r e m e n t s .  Schedu le  i n s u r a n c e  c o u l d  b e  g a i n e d  by  r e l e a s i n g  t h o s e  
a r e a s  which  a r e  s t a n d a r d  d e s i g n s  a s  soon a s  t h e  number r e q u i r e d  i s  
d e t e r m i n e d .  
The DCE i s  on t h e  c r i t i c a l  p a t h  and must  b e  a v a i l a b l e  p r i o r  t o  
t h e  s t a r t  o f  i n - h o u s e  t e s t i n g  and h a r d w a r e / s o f t w a r e  i n t e g r a t i o n .  
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6.2 .7  p i n i  Comnuter C o r n p a  - The min i  computer complex is p r o j e c t e d  
t o  have a  twelve month l ead  t ime and a s  d i s c u s s e d  above must be  ordered 
inunediately.  One computer is r e q u i r e d  t o  be d e l i v e r e d  t o  t h e  SCC f o r  
check ou t  of  t h e  SCC/mini computer i n t e r f a c e  and t o  check o u t  t h e  CRT/ 
MinilSCC hardware/sof tware  c o m p a t i b i l i t y  a t  t h e  s t a r t  of  Systems 
I n t e g r a t i o n .  The remaining computers a r e  r e q u i r e d  f o r  check our  of t h e  
DCE and DP&S hardware.  
6 . 2 . 8  S h u t t l e  Systems Sof tware  - S p a c e c r a f t  d a t a  a v a i l a b i l i t y  i s  t h e  
only  c o n s t r a i n t  i n  t h i s  a r e a .  
6 .2 .9  S imula tor  A n p l i c a t i o n s  Sof tware  - S p a c e c r a f t  d a t a  a v a i l a b i l i t y  
i s  t h e  on ly  c o n s t r a i n t  i n  t h i s  a r e a .  
6.2.10 S imula tor  Cont ro l  Sof tware  - Working c o n t r o l  programs a r e  
c r i t i c a l  t o  t h e  s t a r t  of Systems I n t e g r a t i o n .  
6 .2 .11  Supnort  Software - T h i s  a r e a  must be  s t a r t e d  e a r l y  t o  p rov ide  
t h e  procedures  and so f tware  which w i l l  be  r e q u i r e d  t o  d e s i g n ,  code and 
check ou t  t h e  o t h e r  s o f t w a r e .  
6.2.12 sys t ems  ln tepr ra t ion  - Systems I n t e g r a t i o n  i s  c o n s t r a i n e d  by the  
a v a i l a b i l i t y  of  t h e  s i m u l a t o r  so f tware  programs. The CRT system 
hardware and so f tware  i s  t h e  key i t em t o  e n a b l e  meaningful  i n t e g r a t i o n  
t o  beg in .  Proper emphasis  on t h i s  a r e a  a t  the s t a r t  of t h e  progrem w i i  
ensu re  t h a t  t h e  s i m u l a t i o n  so f tware  i s  a v a i l a b l e  i n  t h e  p roper  sequence 
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6 . 2 . 1 3  X n s t a l l a t i o n ,  T e s t  & D ~ m q n s t r a t i o n  - The a v a i l a b i l i t y  o f  t h e  
s i m u l a t o r  ha rdware  and s o f t w a r e  c o n s t r a i n s  t h e  s t a r t  o f  t h i s  e f f o r t .  
If major  s i .mula tor  e l e m e n t s ,  such  a s  t h e  OBC o r  C&D become a 
s c h e d u l e  p r o h l ~ m ,  due t o  d a t a  o r  d e l i v e r y  d a t e s ,  work-around p l a n s  
s h o u l d  b e  i n s t i t u t e d  i n r n c d i a t e l y  t o  e n a b l e  s y s t e m  t e s t i n g  t o  proceed  
and i s o l a t e  t h e  r e m a i n d e r  o f  t h e  s i m u l a t o r  f rom t t i e  problem a r e a .  
6 .3  F i x e d  Rase Crew S t a t i o n  
The FBCS i s  much less  of  a  s c h e d u l e  problem t h a n  t h e  MBCS due  t o  
t h e  f a c t  t h a t  a m a j o r i t y  o f  t h e  n o n - r e c u r r i n g  d e s i g n  e f f o r t  w i l l  have 
b e e n  a c c o m p l i s h e d .  It  i s  recommended t h ~ t  FDR's b e  conduc ted  immediate  
a f t e r  ATP f o r  sys t ems  which  a r e  b a s i c a l l y  t h e  same a s  t h e  MDCS. T h i s  
a p p r o a c h  w i l l  e l i m i n a t e  t h e  m a j o r i t y  o f  t h e  procurement  problems and 
e n a b l e  a n  e a r l y  m a n u f a c t u r i n g  s t a r t .  I f  t h e  v i s u a l  s y s t e m  i s  a  schedu l  
REV.  
problem i t  would b e  b e n e f i c i a l  t o  s t a r t  t h e  v i s u a l  p r e l i m i n a r y  d e s i g n  
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